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Abstract 


'The cranial anatomy of Agama hispida is compared with that of other 
genera of the order Lacertilia. The skull shows a marked degree of reduction 
and simplification of the chondroeranium, especially in the nasal capsules. The 
orbitotemporal region is rudimentary and the positions of the canalis semi- 
cireularis posterior and the sacculus are probably unidue among lizards. The 
postfrontal is absent whereas the crista parotica is fused with the intercalary. 
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INTRODUCTION 


: Agama hispida, commonly called the Cape spiny Agama, is mostly 
encountered in the low-lying dune areas of the Western and South-Western 
Cape Province and lives in holes under large tufts of grass or small bushes 
(Fitzsimons, 1943). The Agamidae are. found in Africa, Southern Europe, 
Australia and Asia; there is a particularly close affinity between the lizard 
faunas of Asia and Africa. This led Fitzsimons to the conclusion that 
the Agamidae must have penetrated into Africa in company with the Lacertidae 
and Varandiae in Mesozoic and Tertiary times. 


Agama hispida is mainly insectivorous, living on small sand-dwelling 
beetles and ants, but it also feeds on vegetable matter (Fitzsimons, 1943). 
Duméril and Bibron (1834—'54) were the first to group the Agamidae and 
Iguanidae together in the Eumota, while Cope (1900) and Fiirbringer (1900) 
favoured the name Pachyglossa. In the latest classification of Romer (1945) 
they form the infraorder Jguamia and together with the other infraorders 
constitute the suborder Sauria or Lacertilia. Cope was so strongly convinced 
of the affinity of the Agamidae with the Chamaeleontidae that he considered 
these latter to be but modified agamids, a view supported by Camp. 


The name Agama hispida was first given to the species by Peters 
(1870), the species formerly being known by such different names as Lacerta 
hispida (Linnaeus, 1754), Trapelus hispidus (Kaup, 1827) and Agama spimosa 
(Duméril and Bibron, 18387). 


MATERIAL AND TECHNIOUE 


For the material used in this investigation I am indebted to Dr. M. H. 
Malan of the University of Stellenbosch who supplied me with two embryos 
already imbedded in paraffin. 'The larger with a head length of 5.45 mm. 
was the one chiefly used for this work. 'The specimens were bulkstained 
in borax-carmine and the microtomized sections, 12 u thick, were counter- 
stained with Arzan. Graphic reconstructions were made with the aid of 
drawings projected on to sguared paper. 


THE NASAL CAPSULES AND ASSOCIATED STRUCTURES 


Contributions to our knowledge of the nasal capsule of the Agamidae 
were made by Born (1879) who investigated Draco volans Linn. and 
Grammaphora barbata Kaup, and by Malan (1946) who `studied an adult 
Agama atra as well as embryos of Agama hispida. . 
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The nasal capsule of the Agama hispida embryo shows a marked degree 
of similarity to that of Lacerta agilis as described by Gaupp (1900), but lacks 
some of the more common structures of the Lacertilia. 'The cartilaginous 
skeleton of the capsule is formed by a lamina orbitonasalis (fig. 1) forming the 
hind and side walls, a cupola anterior contributing the front wall and a 
medial wall, of which the only remnants are the paraseptal cartilages (fig. 2). 
A median septum nasi separates the left from the right cavum nasi in which the 
olfactory sacs are situated. 


The solum nasi is represented solely by the lamina transversalis anterior 
(fig. 2), which separates the fenestra basalis from the fenestra narina 
ventrally. The latter leads to the external nares which are situated antero- 
laterally and are bordered anteriorly by two well-formed, domeshaped cupolae 
anteriores; these form an anterior cartilaginous protection for the vestibules. 
No prenasal process is present as in the iguanid genera Sceloporus, Anolus and 
Iguana (Malan, 1946). 


From the cupolae project the large processus alaris superior and 
processus alaris inferior (fig. 2). As stated by Malan (1946) the superior 
alar process is unigue in projection laterally beyond the widest margin of 
the paries nasi. A depression in the roof of the cupola anterior lodges the 
narial muscle. Contraction of the latter lifts the dorsal and posterior portion 
of the external naris, thereby effecting a wider opening. Fibres extending 
from the processus alaris superior to the maxillary would seem to function 
as a closing mechanism for the nares; no fibres are attached to the processus 
alaris inferior. Antagonistic narial muscles are present in most Lacertilia and 
appear to be homologous to those of the urodeles and erocodiles (Malan, 1946). 


A short ectochoanal cartilage (fig. 2) projects posteriorly from the 
lamina transversalis anterior and still further narrows the aperture of the 
fenestra basalis leading to the choana. Tn the lguania, Agamidae and 
Chamaeleontidae (Malan, 1946) it is a relatively short process, but it extends 
posteriorly past the planum antorbitale in Xamtusia (Young, 1942) and 
Pachydactylus (Malan, 1946). Ammiella (Toerien, 1949) and Amolis (Malan, 
1946) seem to represent intermediate stages, though in the latter the 
ectochoanal cartilage covers an extensive area of the vomer ventrally. According 


to de Beer (1937) it is typically developed in Sphenodon, the Urodela and 
COhelonia. 


Medial to the ectochoanal cartilage the paraseptal projects uninterruptedly 
backwards from the lamina transversalis anterior and fuses posteriorly with 
the ventro-medial corner of the lamina orbitonasalis, and it is free from the 
septum nasi along its entire length. In the adult Agama the cartilaginous rod 
is incomplete anteriorly while in Ammiella (Toerien, 1949) and (Calotes 


(Ramaswami, 1946) it is represented by a rudimentary projection of the planum 
antorbitale. 
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FIG. 1 


Agama hispida. Graphic reconstruction of the chondro- 
cranium — dorsal aspect. X 27.77. 


BPT, basipterygoid process; CP, crista parotica; CPN, 
paranasal cartilage; CS, cartilago sphenethmoidalis; DS, 
dorsum sellae; EPT, epipterygoid; FBP, fenestra basi- 
cranialis posterior; FH, foramen for the hypoglossal nerve; 
FHYP, fenestra hypophyseos; FMO, fissura metotica; 
FOLF', fenestra olfactoria; LON, lamina orbitonasalis; 
MPT, meniscus pterygoideus; PAI, processus alaris infe- 
rior; PANT, pila antotica; PAS, processus alaris superior; 
PAT, processus ascendens tectum synoticum; PC, parieto- 
tectal cartilage; PSS, planum supraseptale; @U, guadrate; 
SIN, subiculum infundibuli; 'TC, trabecula `eranii; 'TS, 
tectum synoticum. 
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FIG. 2 


Agama hispida. Graphic recontruction of the chon- 
drocranium — ventral aspect. X 27.71. 


BPT, basipterygoid process; OAU, columella auris; 
CE, cartilago ectochoanalis; CS, cartilago spheneth- 
moidalis; DS, dorsum sellae; EPT, epipterygoid; 
FBP, fenestra basicranialis posterior; FC, fenestra 
cochleae; FF, foramen for the facial nerve; FH, 
foramen for the hypoglossal nerve; FHYP, fenestra 
hypophyseos; FMO, fissura metotica; FOV, fenestra 
ovalis; LTA, lamina transversalis anterior; MPT, 
meniscus pterygoideus; P, paraseptal cartilage; 
PAT, processus alaris inferior; PAS, processus alaris 
superior; PI, processus internus; PRC, prominentia 
cochleare; G@U guadrate; SI, interorbital septum; 
SN, septum nasi; TMAR, taenia marginalis. 
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The side wall of the capsule differs from that of Lacerta agilis in that 
the paranasal cartilage has no fenestra lateralis nasi, and the capsule as a 
whole is further simplified by the absence of a cavum conchale. De .Beer 
(1937) states that all reptiles except Sphenodon and the Chelonia possess a 
concha, but Malan (1946) showed that it was not present in the 
Chamaeleontidae, Agamidae and many Iguamidae. She further states that this 
does not point to chelonian affinity but rather that the cavum conchale has 
become lost through shortening of the nasal region and extreme backward 
elongation of the vestibule and its associated skeletal elements. 'The glandula 
lateralis nasi (fig. 3) rests in a groove, starts anteriorly in- the region of 
the zona annularis, and tapers into a duct which debouches into the vestibule. 


FIG. 8 


Agama -hispida. . Oross-section through 
the anterior part of the organ of Jacob- 
Son. 


CJO, concha of Jacobson's organ; CPN, 
paranasal cartilage; DNL, ductus naso-. 
lacrymalis; GLN, glandulae lateralis 
nasi; GLS, glandulae labialis superior; 
JO, organ of Jacobson; M, maxillary; N, 
nasal; P, paraseptal cartilage; PC, parie- 
totectal cartilage; PET prefrontal; 
RMED, ramus medialis of V; SM, septo- 
maxillary; SN, septum nasi; V, vomer; 
VES, vestibule. 


The roof of the capsule is formed by the cartilago parietotectalis (fig. 1) 
which with the help of a dorso-lateral projection of the lamina transversalis 
anterior and a medio-ventral portion of the paranasal cartilage (fig. 1) forms 
the cartilaginous zona annularis. Posteriorly the parietotectal cartilage is 
continuous with the lateral paranasal cartilage. The n. olfactorius penetrating 
the capsule at this junction also enters the nasal capsule through foramina in 
the parietotectal cartilage and the planum antorbitale. 


In the region of the lamina orbito-nasalis the septum nasi is reduced 
to a ventral rod-like structure, the lamina covering it dorsally and laterally 
but remaining free from it. Gaupp believes this to be the primitive condition, 
as the lamina orbitonasalis and the septum nasi are fused in the higher forms 
such as mammals. 'The postero-ventral region of the lamina is relatively 
small when compared with that of other lizards and other Agamidae. 'The most 
striking feature is the absence of the processus maxillaris posterior and 
processus maxillaris inferior found in nearly all lizards and snakes. According 
to Gaupp the origin of the processus maxillaris posterior can be traced 
back to the amphibian ancestors of the lizards. 'The absence of this cartilage 
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and of the cavum conchale, as well as the vestigial nature of the paraseptal 
cartilages in the adult, would seem to indicate progressive degeneration of the 
cartilaginous nasal capsule. In this respect Agama resembles Adcontias meleagris 
of which de Villiers (1939) states ' . . . das seitliche Nasenfenster sei nach 
hinten zu offen, und ein echter Processus masxillaris fehle . . .” Van der 
Merwe (1944), however, denies that the processus maxillaris posterior is absent 
in Acontias. Dorsally the laminae orbitonasales are attached to the interorbital 
septum by the cartilaginous sphenethmoidales (fig. 1). 

As the organ of Jacobson (fig. 3) has been fully investigated and 
described by Malan (1946) it will not be dealt with here. It apparently shows 
strong resemblance to that of the Iguamidae. A cartilaginous or dermal roof 
to the organ is absent with the exception of a small part covered by the 
triradiate septomaxillary (fig. 3). In Sphenodon and the lIguanidae it is 
completely encapsulated by cartilage (Malan, 1946). 'The front part is supported 
ventrally by the paraseptal cartilages, while the main body rests in longitudinal 
grooves formed by the vomers, each organ debouching separately into the 
“primitive Choane” (Géppert, 1903), lateral to the vomers. 

The ductus nasolacrimalis (fig. 3) originates as an epithelial groove 
passing medially and fusing with the anterior choanal slit (“Nebentasche” of 
Fuchs). The “inner Choana” (Gêppert, 1903) (fig. 3) connects the true nasal 
cavity with the “Choanengang” (Fuchs, 1908), and the latter in turn 
communicates with the oral cavity by means of the outer choana. 


FIG. 4 


Agama hispida. Cross-section through 
the posterior part of the organ of 
Jacobson. 


CG, choanengang; CPN, paranasal 
cartilage; DGL, duct of the lateral 
nasal gland; DNL, ductus nasolyery- 
malis; GLS, glandulae labialis supe- 
rior; GP, glandulae palatinae; IC, 
inner choana; JO, organ of Jacobson; 
M, maxillary; NC, nasal cavity; NOLF, 
nervus olfactorius; P, paraseptal car- 
tilage; PC, parietotectal cartilage; PF, 
prefrontal; RE, ramus ethmoidalis of 
V;, SM, septomaxillary; SN, septum 
nasi; V, vomer; VES, vestibule. 


1 MM 


The ramus ethmoidalis of Va in its passage to the anterior part of 
the capsule passes underneath the cartilago sphenethmoidalis, emerges again 
without entering the nasal capsule, runs dorsal to the parietotectal cartilage 
and enters the fissura lateralis nasi, which lodges the lateral nasal gland. 
Within the groove it divides into a lateral and a media] ramus, the latter diving 
ventrally and leaving the capsule through the foramen apicale. Ag in 
Anolis segrae (Malan, 1946) the fenestra epiphanialis is absent. 
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THE GLANDS OF THE BUCCAL CAVITY 


The nomenclature of Fahrenholz (1937) is employed. 'The cells of the 
glandula mandibularis lie between the Meckelian cartilage and the root of 
the tongue. 'There is no indication of a division of the gland into medial 
and lateral branches as in Lacerta, Chamaeleo, Anguis and Uromastia 
(Fahrenholz, 1937), nor do the left and right glandulae meet in the midline 
as in Amnmiella (Toerien, 1949) and Xantusia (Young, 1942). 'The glandulae 
vomerales are absent, as in all Agamidae with the exception of Uromastia 
(Fahrenholz, 1987). 


A glandular area representing the glandulae palatinae (fig. 4) lies medial 
to the maxillary teeth “in der von Busch (1898) als 'Tnnenlippe' bezeichnete 
Schleimhautfalte.” The outer group of glandulae palatinae is absent or so 
intermingled with the inner group as to be indistinguishable. The labial glands 
are represented by the glandulae labiales inferiores situated in the lower jaw 
lateral to the teeth, and the glandulae labiales superiores (fig. 4) in the 
upper jaw. In most other lizards the glandulae labiales superiores are absent 
(Fahrenholz, 19387). 'The stomata of these glands open at intervals along 
the length of the upper and lower jaws. 


The goblet cells of the glandulae linguales occur on the dorsal and 
lateral surfaces of the tongue. 'They are differentiated into the dorsally 
opening glandulae linguales superiores and the latero-ventral glandulae linguales 
inferiores. Glandulae ecrico-arytaenoideae lie dorsal to the trachea in the 
posterior region of the mouth. 


THE ORBITOTEMPORAL REGION 


In contrast to the nasal capsule the orbitotemporal region has no 
eartilaginous roof or floor. 'The two sphenethmoid commissures which fuse 
in the midline form a dorsal ridge to the anterior third of the interorbital 
septum, which is continuous with the septum nasi. As in Lacerta (Gaupp, 
1900), Ewmeces (Rice, 1920) and Pachydactylus (Brock, 1932) the septum 
shows regions of blasteme, two of which are particularly large. The dorsal 
fenestra septalis separates the planum supraseptale from the ventrally plunging 
septum, while the postero-ventral fenestra reduces the septum to a dorsal and 
a ventral rod. In the orbital region the ventral floor consists only of the 
unpaired interorbital septum, but in the temporal region of the fused or 
semi-fused trabeculae (fig. 1). 'The side-wall is rudimentary, showing a 
reduction of the taenia when compared with that of Lacerta (Gaupp, 1900). 
Posterior to the supraseptal plates that part of the taenia marginalis (fig. 1) 
which forms the dorsal border of the fenestra epiotica, is reduced to a 
backward prolongation of the planum supraseptale, while the posterior portion 
of the taenia parietalis medialis is absent. Further reduction in the taenia 
results in the confluence of the fenestra epiotica, fenestra prootica and fenestra 
metoptica. (Cf. Lacerta, Gaupp, 1900). Remnants of the pila antotica (fig. 1) 
are represented by the short postero-laterally directed staff which is connected 
to the basal plate lateral to the exit of the n. abducens. 'The dorsum sellae 
(fig. 2), separating the fenestra basicranialis posterior from the fenestra 
hypophyseos forms a transverse cartilaginous bridge between the two. 
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The n. trigeminus leaves the cranium posterior to the pila antotica, 
passes to its ganglion outside the cartilaginous capsule, and immediately 
divides into two rami corresponding to the r. masxillaris and r. mandibularis 
described for Reptilia by Born (1879). 'The ramus ophthalmicus profundus 
branches off from the n. trigeminus proximal to the ganglion; it then runs 
forward and laterad to its own ganglion and dorsal to the basitrabecular 
process (fig. 1). 

The Harderian gland is not yet fully developed in the Agama embryo, 
but an adult stage shows it filling a large portion of the orbital cavity. 'The 
eye muscles and the nerves innervating them are well developed and resemble 
those of Lacerta (Gaupp, 1900). 

Contributions to our knowledge of the temporal region of the Lacertilia 
have been made by many authors, particularly Versluijs (1924), Broom (19385) 
and Brock (1935). 'The group is secondarily monapsid having lost the 
guadrato-jugal, while in the large majority of families the upper temporal 
fossa has also disappeared owing to ' . . . the sdguamoso-postorbital arch 
approsimating to the parietal” (Broom, 1935). Broom maintains that only 
in the lIguamidae, Agamidae, Chamaeleontidae, Teiidae and the Varanidae 
is a well developed upper temporal fossa still found. In Agama the postorbital 
and sguamosal still form the upper arch, but the region shows reduction, 
having lost the postfrontal. According to Broom (1935) the Agamidae display 
the largest fossae among living lizards. Versluijs (1924) states that the 
temporal region of the Lacertilia shows a tendency towards degeneration 
when the bony scutes of the head are retained. Tn the Teiidae, Varamidae, 
Agamidae, Ohamaeleontidae, lguamidae, (Gekkomidae, Uroplatidae and 
Pygopodidae the osteoderms are conspicuously absent (Broom, 1935). 

Two bony elements are present in the posterior temporal region of 
Agama: the outer larger sduamosal and the smaller tabular. Of the temporal 
region of the Agamidae Broom (1935) states: “Tt is less primitive than the 
iguanids in that the sguamosal has here a large articulation with the parietal, 
and the tabular, though well developed is displaced downwards and backwards.” 
The sguamosal further has a short ventral process supporting the dorsal head 
of the aguadrate, and it is syndesmotically attached to it and the tabular. 
The hind portion of the jugal is wedged in between the anterior part of the 
sguamosal and the base of the postorbital. Fibres of the temporal muscle are 
attached to the sduamosal and the parietal. 'The other temporal bone, the 
tabular (Broom, 1935), lies above and median to the sguamosal, the ventral 
portion being wedged in between the dorsal head of the guadrate and the 
intercalary, thus forming an investing bone to both of them. Nu muscles are 
attached to it. The postorbital is large and completes the postorbital arch: 
(Brock, 1932). Tts base is compressed from side to side so as to form 
anterior and posterior processes. The postfrontal is absent as in Lygodactylus 
(Brock, 1935) and Acontias (de Villiers, 1939). In the Lacertidae and Scincidae 
the position is usually reversed, the postfrontal being large and the postorbital 
reduced or absent (Broom, 1935). 


CRANIAL KINESIS 


The specimen microtomized is of course an embryo, so that the bones 
are closer together than in the adult. lt is therefore difficult to judge of 
the amount of mesokinetie movement. 
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In primitive reptiles the pars guadrata palatoguadrati articulates with 
the eranium by means of its otic, ascending and basal processes. ln Lacertilia 
the basal process articulation has been replaced by a process of the pterygoid, 
a membrane bone. The actual articulation takes place between the basipterygoid 
process and the meniscus pterygoideus (Howes and Swinnerton, 1901) (fig. 5), 
which closely fits into a depression on the medio-ventral surface of the 
pterygoid. Broom (1922) believes the meniscus to be a persistent piscine 
mesopterygoid while de Beer states that it may represent the pharyngoman- 
dibular. 


FIG 5 


Agama hispida. Cross-section through the 

left side of the head to show the basi- 

pterygoid articulation and the muscles 
involved in kinesis and mastication. 


A, angular; AE, musculus adductor exter- 
nus; AIPS, musculus adductor internus 
pseudotemporalis; BPT, basipterygoid pro- 
cess; CD, chorda dorsalis, EPT, epiptery- 
goid; G, gonial; MK Meckel's cartilage; 
MPT, meniscus pterygoideus; NT, nervus 
trigeminus; PP, musculus protractor ptery- 
goideus; PT, pterygoid; RMAN, ramus man- 
dibularis of V; SUR, surangular. 


The basicranial cartilages are still unossified. From the basipterygoid 
process a well-developed process passes forward and outward to support the 
meniscus ventrally, a sliding movement being possible between them. Residues 
of the meniscus are present in Aconmtias (van der Merwe, 1944). 

In the agamids @onocephalus godefroyi, Calotes cristatellus and Oalotes 
vesicolor the pterygoids are in contact mesially (Camp, duoting Siebenrock, 
1895b). In Agama hispida they remain separate, as in Anniella (Toerien, 1949), 
Xantusia (Young, 1942), Gerrhosaurus (Malan, 1940) and Scincus (El-Toubi, 
1938). They reach back to the posterior face of the dguadrate, to which they 
are connected by a thick bed of connective tissue. Mesially the pterygoid 
is excavated for the insertion of the musculus protractor pterygoidei; dorsally 
the proximal portion of the epipterygoid (— alisphenoid) fits into it (fig. 5). 

The dorsal group of jaw muscles, the musculus constrictor dorsalis, is 
only represented by the protractor pterygoidei (fig. 5) and the levator bulbi. 
The former is attached to the pterygoid, is well developed, and is primarily 
responsible for dorsal and forward displacement of the bone. 'The central 
source of origin of the musculus protractor pterygoidei is lateral to the 
erista sellaris. The musculus levator pterygoidei is absent. In Uromastia it 
is small (Lakjer, 1926) and it is reduced in Calotes and Amphibolurus (Lakjer, 
1926). 

Agama is kinokranic, the processus ascendens (epipterygoid) (fig. 5) 
being inserted in a groove on the dorsal side of the pterygoid. From here it 
extends upwards in a postero-lateral direction to end free at the level of the 
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canalis semicircularis anterior. In many Lacertilia such as Anmiella (Toerien, 
1949), Scincus (El-Toubi, 1988) and Acontias (de Villiers, 1939) the epipterygoid 
approaches the descending flange of the parietal, but it is reduced in the 
Agamidae Lyriocephalus and Phrynocephalus (Camp, guoting Siebenrock 
1895) and in Physignathus, Chlamydosaurus and Amphibolurus (Beddard, 
1905). Ts is absent in the Chamaeleomtidae (Stannius, 1856), Amphisbaenidae 
(Cope, 1892 and Kritzinger, 1946), Dibamidae (Boulenger, 1887) and the 
Ophidia. Broom states that he found in Zonurus, Eremias and Mabuia a 
well-developed cartilaginous bar fixing the lower end of the dguadrate to the 
lower end of the epipterygoid almost exactly as in Sphenodon. In Agama 
and Microsaura there are distinct remains of the bar, though here it no 
longer chondrifies. In the two Agama hispida embryos investigated no such 
connection could be traced at all. 


A thin strand of connective tissue extends from the distal end of the 
processus ascendens to the taenia marginalis; it approaches the parietal ventro- 
medially, and is reminiscent of the longer ossified bar of many other forms. 
The trigeminal forms a loop around the epipterygoid with the r. ophthalmicus 
profundus runnning medial, and the masxillary and mandibular branches lateral 
to it. 


The masticatory and kinetic muscles have been investigated by Lubosch 
(1983), Lakijer (1926), Save-Séderbergh (1944) and Brock (1938). Of those 
connected with mastication the m. depressor mandibulae, innervated by the 
n. facialis, functions as the jaw opener. Dorsally the fibres of the muscles 
are attached to the sguamosal; they then take a lateral course to pass the 
dguadrate head before becoming inserted on the pr. retroarticularis of the lower 
jaw. The m. adductor externus (fig. 6) is the largest muscle in the dorso- 
lateral region of the otic capsule. Its fibres are directed anteriorly and 
inserted on the postero-lateral region of the parietal and the lateral region 
of the capsule. Anterior to the guadrate it turns ventrally, and a portion, the 
m. adductor mandibulae externus medialis, becomes attached to the 
pr. coronoideus. The m. adductor mandibulae externus superficialis is attached 
to the lateral side of the articular and coronoid of the mandible. Both these 
portions lie lateral to the r. maxillaris V. The m. adductor mandibulae externus 
profundus could not be clearly identified. Haas (1930) believes it to be a 
retractor mandibulae and not an adductor. Both components of the m. adductor 
internus are present. The m. pseudotemporalis (fig. 5) is inserted on the 
dentary and is attached dorsally to the epipterygoid, while the m. pterygoideus 
attaches to the dentary and the pterygoid. 


THE GUADRATE AND THE OTIC CAPSULE 


The guadrate is still cartilaginous, consisting of a medio-laterally 
compressed staff having a ventral and dorsal head. The former is slightly 
convex to receive the articular condyle. 'The dorsally directed vena capetis 
lateralis runs medial to it and posterior to the stapes. 
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From the lateral wall of the prominentia semicircularis lateralis the 
erista parotica (fig. 8) is directed forward and laterally and, as in Gerrhosaurus 
(Malan, 1940) and Acontias (van der Merwe, 1944), its anterior portion fuses 
with the intercalary (fig. 8), which is clasped between the cerista parotica and 
the pr. oticus of the guadrate. As this is the only point of articulation between 
the pars dguadrata palatoguadrati and the neuroeranium, the jaw articulation 
must necessarily be hyostylic as the intercalary is of hyoid origin (Versluijs, 
1936). The hyostyly must be secondary as in Acontias (van der Merwe, 1944). 
The guadrate is able to move against the intercalary as a synovial joint is 
present. 


The dorsal head of the auadrate is further attached to the sduamosal 
by means of dense connective tissue, while it is separated from the tabular by 
a narrow synovial cavity. 'This leaves the duadrate only loosely attached 
to the surrounding structures (streptostyly). The strong tendon connecting 
the intercalary and tabular seems to function as a support for the erista 
parotica-intercalary complex. 


The auditory capsules form the lateral walls of the otie region; ventrally 
there is the basal plate and dorsally the tectum snynoticum. Tn Lacerta 
(Gaupp, 1900) and Eumeces (Rice, 1920) the otic capsule and occipital arch are 
confluent ventrally and dorsally while the perpendicular prolongation of the 
fissura metotica separates the two capsules laterally. 'This is mot so in 
Agama, in which the two regions are only bridged ventrally, as there is no 
oceipital arch. 'The fissura metotica (fig. 2) is furthermore reduced to two 
apertures, the recessus scalae tympani with its outer and inner apertures and 
a narrow posterior slit for the exit of the n. vagus, n. accessorius and the 
v. jugularis. Between these two fenestrae, and posterior to them, the lateral 
basal plate and ventro-medial portion of the auditory capsules are in very 
close apposition, no absolute fusion, however, taking place. lLateral compression 
of the auditory region may have resulted in the disappearance of the fissura 
metotica. 


The borders of the recessus scalae tympani are formed by the basal 
plate and the medial and lateral rims of the fenestra cochleae. lInto this 
extracranial extracapsular space the ductus perilymphaticus open. A stout 
connective tissue band closes the medial aperture; the connective tissue band 
covering the lateral aperture corresponds to the secondary tympanic membrane 
closing the fenestra rotunda in mammals (de Beer, 1926, Rice, 1920) and 
is much thinner. 'The recessus also functions as a foramen for the n. 
glossopharyngeus. 


The n. facialis does not traverse the auditory cavity but passes out 
ventro-medial to the capsule, its ganglion being located outside the capsule. 
Before leaving the brain cavity, however, the n. facialis gives off the auditory 
nerve, which has its own ganglion (fig. 6) on the medial side of the 
auditory capsule, and partly extends into the utriculus. The fibres of 
the nerve innervate the cristae and maculae after penetrating the inner 
wall of the capsule through two foramina. 
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FIG. 6 


Agama hispida. Cross-section through 
the auditory region. 


AE, musculus adductor externus; CSA, 
canalis semicircularis anterior; CSL, 
canalis semicircularis lateralis; FOV, 
fenestra ovalis;, GNA, ganglion for the 
nervus auditorius; HYO, hyostapes; MK, 
Meckel's cartilage; OTO, otostapes; PAR, 
parietal; @U, duadrate; S@, sgauamosal; 
TAB, tabular; TMAR, taenia marginalis; 
UT, utriculus. 


Opinions differ greatly about the origin of the tectum synoticum. 
Tts otic origin has been demonstrated for erocodiles and turtles (Rice, 
guoting Gaupp, 1905b) and Sphenodonm (Rice, duoting Schauinsland, 1900), 
but in Tropidomotus Gaupp considered it as partly occipital. Tn Lacerta he 
holds that it is mainly otic but does not deny explicitly the participation of 
the occipital region in its formation. Tn the Agama sections it is duite 
clear that the tectum synoticum is formed by the dorso-medial projection 
of the auditory capsules. ln the midline a broad, dorsally projecting pr. 
ascendens tecti synotici is formed in contrast to the long anteriorly projecting pr. 
ascendens of lLacerta and FEumeces which protect the endolymphatic sacs 
(Rice, 1920). 


THE MEMBRANOUS LABYRINTH 


The canalis semicircularis anterior is connected anteriorly to the front 
portion of the utriculus, extends backwards dorsal to the rest of the 
membranous labyrinth and is connected to the extreme hind end of the 
utriculus by the crus commune (fig. 7). 'The canalis semicircularis posterior 
differs from that of other forms by being situated ventral to both the 
canalis semicircularis anterior (fig.7) and the utriculus; the canalis semicircu- 
laris posterior proceeds ventrally from the crus commune, while its ascending 
portion opens into the postero-ventral region of the utriculus. 'The ventral 
portion of the u-shaped canalis semicircularis posterior extending even lower 
than the lagena (fig. 7) is apparently unigue among reptiles. 


The canalis semicircularis lateralis opens anteriorly into the utriculus 
posterior to the anterior ampulla, and posteriorly into the descending arm 
of the canalis semicircularis posterior, postero-ventral to the erus commune. 
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FIG. 7 


Agama hispida. Graphic reconstruction of the 
membranous labyrinth. X 55.55. 


CC, crus commune; CSA, canalis semicircularis 
anterior; CSL, canalis semicircularis lateralis; 
CSP, canalis semicircularis posterior; DE, duectus 
endolymphaticus; LAG, lagena; SAC, sacculus; 
SE, saccus endolymphaticus; UT, utriculus. 


The saceulus (fig. 7) does not lie ventral to the canalis semieircularis 
lateralis and the utriculus, as in Sphenodon (Wyeth, 1924), but has shifted 
dorsally, so that the posterior portion is situated between the utriculus and 
the horizontal canal. Reconstructions made my van der Merwe (1944) of the 
labyrinth of Acontias show that in that genus the upward displacement of the 
sacculus has gone even further. As in dAcontias (van der Merwe, 1944) the 
ductus endolymphaticus follows a downward course after leaving the sacculus, 
runs lateral to the utriculus, loops round the latter and then follows a 
postero-dorsal course towards the cranial cavity. Tt would seem that 
secondary dorsal migration of the sacculus has taken place and that Agama 
represents an anatomically intermediate stage between Sphenodon and Acontias. 


THE COLUMELLA AURIS 


Deseriptions of the middle ear region of reptiles have been given 
by Peters (1869), Parker (1880), Gaupp (1900) and Versluijs (1903). 'The 
columella auris of Agama hispida is still cartilaginous, the embryo not being 
old enough for the stapedial portion to have ossified. 'The columella (fig. 6) is 
in the form of a slender rod lying approximately horizontally, with the 
proximal and distal ends tending to dip ventrally, so that the median portion 
is on a slightly higher plane. In this latter region the “. . . Blastemscheibe 
zwischen Otostapes und Hyostapes” of Hoffmann (1889) occurs. 'This division 
of the columella auris results in the hyostapes (fig. 8) forming the distal, and 
the otostapes the proximal, half of the staff. In the adult, after ossification of 
the stapes has taken place, the border between otostapes and hyostapes 
becomes indistinct and is superseded by one between the stapes and the 
cartilaginous residue or extracollumellare. 'The boundary thus shifts from a 
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position lateral to the pr. internus to one medial to it. Tn Uromastize, 
Lophura, Amphibolurus and Calotes (Versluijs, 1898) among adult Agamidae, 
the latter joint is commonly eéncountered, but it is absent in Agama colonorTum 
(Versluijs, 1898). 

The otostapes is made up of a stem which widens at one end to 
form the footplate pressing against the membrane closing the fenestra 
ovalis (fig 8) and the lateral opening of the ductus perilymphaticus. At the other 
end it bears the pr. dorsalis (fig. 8) and the antero-ventral pr. internus. The 
pr. dorsalis is rudimentary, not being fused with the dorsal intercalary, although 
the two lie in close proximity and are separated by an area of connective tissue. In 
Ewmeces (Rice, 1920), Lygodactylus (Brock, 19382) and Chalcides (Haas, 1936) 
the pr. dorsalis is absent. In contrast to Lygodactylus (Brock, 1932), Anguis 
and Platydactylus (Versluijs, 1898) the art. facialis does not penetrate the 
footplate. 


FIG. 8 


Agama hispida. Graphic reconstruction of part of the 
auditory region. X 62.5. 


BF, basal plate; CP, crista parotica; CSA, canalis semi- 

circularis anterior; CSL, canalis semicircularis lateralis; 

FE, foramen endolymphaticum; FOV, fenestra ovalis; 

FP, footplate; HLO, hyostapes; INT, intercalare; IP, 

insertion plate; OTO, otostapes; PI, processus internus; 
@U, guadrate. 


No. processes are present on the proximal portion of the hyostapes, 
but the distal end is widened to form the convex plate which presses against 
the tympanum. This plate shows a short dorsally projecting process, the 
pars superior, but the ventral portion is especially interesting. 'The hyostapedial 
staff does not widen to form the plate but curves away from the pldte 
medially, so that only the ventral portion of the plate is fused with the 
outside portion of the curved hyostapes. 'The ventro-medial lower limb is 
extremely long, partly procartilaginous distally, and tapers away ventrally 
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into a band of connective tissue. lt apparently represents the interhyale 
which connected the extracolumella to the hyoid arch, the dorsal portion 
of the latter having disappeared. In adult Lacertilia the connection between 
the hyoid arch and the extracolumella breaks down, Sphenodon being the only 
exceeption to the rule (Brock, 19382). In the Gekkonidae the tip of the hyoid 
migrates dorsally to become attached to the crista parotica (Brock, 1932). 

Two further processes are present on the insertion plate: the pr. 
accessorius posterior, the smaller of the two, which projects backwards, 
and the long anteriorly projecting pr. accessorius inferior. A tendon extends 
from the pr. accessorius posterior to the apex of the intercalary and apparently 
keeps the extracolumella in position. It seems to be homologous to a 
tendon which extends from the intercalary to the pars superior, and is found 
in most Lacertilia. 

The pr. internus (fig. 8) is a cartilaginous medio-laterally compressed 
staff projecting from the median region of the columella auris, running 
forward and ventral and ending, as in Uromastiz, Draco and Microsaura 
(Versluijs, 1898), in the connective tissue binding the posterior end of the 
pterygoid to the duadrate. In the G@ekkonidae, Scimcidae, Anguidae and 
Uroplates (Versluijs, 1898), which lack the pr. internus, the columella auris 
is attached to the duadrate by connmective tissue (Versluijs, 1898). 

In Tympanocryptus, Cophotes, Lyriocephalus and Ceratophora, which 
have no tympanum, Smith (1938) claims that the loss is accompanied by a 
reduction of the extracolumella to a vestige projecting from the stapes. In 
Agama the cartilaginous connection between the 'intercalary and the 
columella auris has disappeared, and the former has become fused posteriorly 
to the crista parotica, as in Gerrhosaurus (Malan, 1940) and Xantusia (Young, 
1942). 

The hyomandibular branch of the facial nerve leaves the auditory capsule 
through a fenestra in the lateral wall, passes backwards and dorsal to the 
shaft of the columella auris and gives off the chorda tympani posteriorly to 
the columella auris. The chorda tympani passes over the columellar shaft 
lateral to the pr. dorsalis, thus forming a loop round the process. It now 
passes over the face of the shaft, between the latter and the above-mentioned 
tendon between intercalary and pr. accessorius to enter the mandibular region. 


THE LOWER JAW 


The lower jaw has only five of the membrane bones enumerated by 
Versluijs (1924) for Lacertilia: the dentary, gonial, angular, surangular and 
coronoid, the splenial being absent, as in Sphenodonmn (Versluijs, 1924), 
Monopeltis (Kritzinger, 1946) and the Chamaeleontidae (Camp, 1923). These 
bones surround the central canal in which lie Meckel's cartilage, the n. 
mandibularis V, the chorda tympani and a small bloodvessel. 


FIG. 9 


A gama hispida. Graphiec 
reconstruction of the mand- 
ible — medial aspect. X 27.77. 
A, angular; COR, coronoid; 
D, dentary; FPNA, foramen 
pro nervo auriculotemporalis; 
G, gonial; SUR, surangular. 
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As its name implies the dentary bears the teeth of the lower jaw. 
Anteriorly the left and right dentaries are syndesmotically joined and they 
extend backwards and invest more than two-thirds of Meckel's cartilage, but 
do not reach as far back as in Physignathus (Fuchs, 1931). Midway along 
the length of the mandible the angular is located, partially covering Meckel's 
cartilage medially up to the gonial. Tt then slants downwards to form the 
ventral border of the fossa praearticularis. 

The surangular originates as a bony sliver medial to the posterior 
portion of the dentary, broadens posteriorly and forms the lateral border of 
the fossa praearticularis. In this region a branch of the r. mandibularis 'V, 
the n. auriculotemporalis leaves the fossa through a horizontal slit in the 
surangular, as in Acontias (de Villiers, 1939) and Monopeltis (Kritzinger, 
1946), and passes to the lateral region of the mandible. Despite its position 
the foramen must be homologous to the foramen pro nervo auriculotemporale 
(fig. 9) described by Fuchs (1931) for Physignathus, where it is situated 
between the dentary and the surangular. 

In sagittal sections the coronoid has a triangular form, its base forming 
the dorso-medial edge of the fossa praearticularis. 1Tt is bordered anteriorly 
by the dentary and dorsally by the surangular and gonial; the temporal muscles 
are attached to its dorsal process. 'The retro-articular shows signs of 
perichondral ossification but the posterior portion of Meckel's cartilage has 
not yet ossified to form the articular. ` 

The r. mandibularis V, accompanied by a branch of the internal carotid 
artery, enters the canal in the lower jaw through the fossa praearticularis 
and then passes forward dorsal to the cartilage. Between the anterior 
portion of the angular and the dentary a foramen is formed through which 
the r. lingualis, a branch of the r. mandibularis, leaves the primordial canal and 
innervates the tongue. 'The r. mandibularis passes forward as the n. alveolaris 
inferior (Fuchs, 1931). The chorda tympani enters the lower jaw posterior 
to the articulatory facet, runs forward in the fossa praearticularis and forms 
an anastomosis with the r. mandibularis V anterior to the surangular. 

The cartilagines Meckelii meet anteriorly to fuse at the symphysis. 
The median part of the hyoid arch is drawn out anteriorly to form the pr. 
lingualis and forked posteriorly to form the paired second branchial arches, 
while the hyoid and first brancrial arches come to lie media] to the articulatory 
facet of Meckel's cartilage. 


SUMMARY 


The pr. alaris superior and pr. alaris inferior are well developed. 
The paraseptal cartilage projects uninterruptedly backwards from 
the lamina transversalis anterior to the lamina orbitonasalis. 

Both fenestra lateralis and fenestra superior nasi are absent. 

The cavum conchale is absent. 

The zona annularis is complete. 

The pr. maxillaris posterior and the pr. masxillaris anterior are 
absent. 

In contrast to the lIguamidae the organ of Jacobson ' has no 
cartilaginous roof. 
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The fenestra epiphaniale is absent. 
The glandulae vomerales are absent. 
Both the gll. labiales inferiores and gll. labiales superiores are 
present. 
The side-wall of the orbitotemporal region is rudimentary. 
The temporal region shows reduction in having lost the postfrontal. 
Agama is kinetic, streptostylic and kinokranie. 
A vwell-developed basipterygoid process is present. 
The crista parotica is fused with the intercalary. 
Agama hispida is hyostylic. 
The fissura metotica is reduced to two apertures, the recessus 
scalae tympani and a slit for the exit of the n. vagus, n. accessorius 
and the v. jugularis. 
The tectum synoticum is if otic origin. 
The ventral position of the canalis semicircularis posterior is 
probably unidue among reptiles. 
The sacculus has migrated dorsally, being wedged in between the 
canalis semicircularis lateralis and the utriculus. 
The splenial is absent. 
The foramen pro nervo auriculotemporalis is situated in the 
surangular. 
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EXPLANATION OF LETTERING 


angular 

musculus adductor externus 
musculus adductor internus pseudotemporalis 
basal plate 

basipterygoid process 
columella auris 

crus commune 

chorda dorsalis 

cartilago ectochoanalis 
choanengang 

concha of Jacobsom's organ 
paranasal cartilage 

coronoid 

cartilago spenethmoidalis 
canalis semicircularis anterior 
canalis semicircularis lateralis 
canalis semicircularis posterior 
dentary 

ductus endolymphaticus 

duct of the lateral nasal gland 
ductus nasolacrimalis 

dorsum sellae 

epipterygoid 
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fenostra basicranialis posterior 
fenestra cochleae 

foramen endolymphaticum 
foramen for the facial nerve 
foramen for the hypoglossal nerve 
fenestra hypophyseos 

fissura metotica 

fenestra olfaktoria 

fenestra ovalis 

footplate 

foramen pro nervo auriculotemporalis 
gonial 

glandulae lateralis nasi 
glandulae labialis superior 
ganglion for the nervus auditorius 
glandulae palatinae 

hyostapes 

inner choana 

intercalare 

insertion plate 

organ of Jacobson 

lagena 

lamina transversalis anterior 
lamina orbitonasalis 

maxillary 

Meckels cartilage 

meniscus pterygoideus 

nasal 

nasal cavity 

nervus olfaktorius 

nervus trigeminus 

otostapes 

paraseptal cartilage 

processus alaris inferior 

pila antotica 

parietal 

processus alaris superior 
processus ascendens tectum synoticum 
parietotectal cartilage 

prefrontal 

processus internus 

musculus protractor pterygoideus 
prominencia cochleare 

planum supraseptale 

pterygoid 

duadrate 

ramus ethmoidalis of V 

ramus mandibularis of V 

ramus medialis of V 

sacculus 
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SE saccus endolymphaticus 


SI interorbital septum 

SIN subiculum infundibuli 

SM septomasxillary 

SN septum nasi 

SO sdguamosal 

SUR surangular 

TAB tabular 

TC trabecula eranii 

TMAR taenia marginalis 

TS tectum synoticum 

UT utrieulus 

V vomer 

VES vestibule 
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Abstract 


A study has been made of the metamerism of the metotic region of the 
skull, which proves to contain material derived from at least three metameres. 
The occipito-vertebral connexion has been carefully investigated. lt proves 
to develop within an interdorsal arch, as is the case in the zygapophyseal 
joints between the successive vertebral arches. 

All the vertebral centra have been found to be epichordal and to 
originate solely from the perichordal connective tissue. As a result of the 
division of the intervertebral cartilages (pleurocentral elements) the inter- 
vertebral joints are formed. Each of the latter therefore lies in a pleurocentrum. 

The ribs corresponding to vertebrae 2—4 first chondrify distally in 
the myocommata and then extend mediad to the vertebral column. 'They 
should be regarded as separate entities not derived from vertebrae. The 
so-called “transverse processes” also include rib material and are not purely 
diapophyses. 

The urostyle has been found to be composed of material corresponding 
to three vertebrae. 
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PART 1 
I INTRODUCTION 


Earlier work dealing with the development of the vertebral column 
is characterized by the use of a terminology which is often confusing. It 
is the special merit of Gadow and Abbott (1895) and Gadow (1896), that they 
paid attention to this defect, and introduced a terminology which has been 
employed ever since. 'Their work, although not infallible, forms the foundation 
of subseguent studies of the vertebral column. From the work of later 
investigators it appears that Gadow and Abbott overlooked a very important 
component of the vertebral centrum. 'This was called the autocentral part 
by Remane (1936). It arises independently, directly from the perichordal 
connective tissue, and constitutes the main portion of the centrum in the 
Tetrapoda. 


Despite the magnitude of Gadow and Abbott's investigations, a number 
of problems concerning the development of the vertebral column in general, 
and that of the Amphibia in particular, still reguired further investigation. 
With regard to the Amphibia the most important problems were: (1) the 
homology of the intervertebral cartilages; (2) the nature of the occipito- 
vertebral joint; (3) the morphological significance of the proatlas and of 
the tuberculum interglenoidale; (4) the double nature of the first vertebra 
and the formation of a single or double condylus; (5) the interpretation of 
the cartilage in the ventral portion of the perichordal tube in Xenopus; (6) 
the composition of the neural arches; (7) the interpretation of the zygapophy- 
ses and the formation of the joints; (8) the morphological significance of the 
ribs, the rib-bearing processes and the origin of the transverse processes in 
the Anura; (9) the formation of the urostyle; (10) the origin and fate of the 
notochordal cartilage; (11) the problem of the segmentation of the metotic 
region of the skull. 


Most of these problems have been investigated by subseguent workers; 
in some cases the explanations given are acceptable, but in other cases the 
results obtained are either guestionable or open to different interpretations. 
In the present investigation an attempt has been made to check the results 
of earlier workers and to elucidate the outstanding problems. 


The terms perichordal and epichordal which are used to indicate 
the two types of centrum in the Amura, were introduced by Gegenbaur (1862). 
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Ridewood (1897), in his work on Pipa and Xemopus, was the first to give 
a brief account of the development of the vertebral column in Xenopus. 'This 
was followed by the work of Mookerjee (1931). Hodler (1949), in his study 
on the urostyle, also gives an account of this part of the vertebral column 
in Xenopus. 


The first part of the present paper is devoted to a purely topographie 
description of the development of the vertebral column and associated structures 
in Xenopus; the second part is concerned with the various morphological 
problems. 


An attempt has also been made to obtain clarity concerning the 
metotie segmentation of the skull in Amphibia. The problem of the segmen- 
tation of the skull has been carefully studied by several workers. In Amphibia 
the metotiec segmentation has been investigated by Platt (1898) in Necturus, 
Sewertzoff (1895) in Pelobates, Goodrich (1911) in Ambystoma, Elliot (1907) 
in Rana, van Seters (1921) in Alytes, van der Steen (1930) in Microhyla and 
Ramaswami (1942) in Ichthyophis. Regarding the number of metotic segments 
there are great differences of opinion, which appear to be due to the 
completeness or incompleteness of the series available to each investigator. 
The data concerning the ribs are so contradictory that further intensive study 
is reduired. 


II MATERIAL AND TECHNIGUE 


The material for this investigation is the same as that being used for 
the Normal Table of Xenopus laevis. Tt was collected in Jonkershoek, near 
Stellenbosch by Mr. J. Faber of the Hubrecht Laboratory, Utrecht. 'The larvae 
were classified in 66 stages by Mr. Faber. Stages 24—66 were used for the 
present investigation and as they follow each other very closely a few of 
them were omitted. 'The younger stages were not reguired for this study. 


For fixing the material Lenhossek's fluid, which does not contain 
formalin, was used. 'The older specimens were decalcified in nitric acid-alcohol. 
From stages 24 to 48 two specimens of each stage were sectioned, one trans- 
versely and the other frontally. From stages 49 to 66 transverse and sagittal 
sections were made of each stage, and in addition frontal sections were 
prepared from stages 49 to 57. 'The thickness of the sections varied from 
8 u in the younger stages to 15 u in the older ones. 


The specimens were stained in toto with borax carmine, and most of the 
sections were counterstained with azan. As in some cases the azan staining 
was not successful, bleu de Lyon and Bismarck brown were used. 'These 
sections were counterstained with a relatively weak 70% alcoholie solution 
of bleu de Lyon and a strong agueous solution of Bismarck brown. In such 
cases where penetration of the borax carmine was insufficient the cartillage 
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staining with Bismarck brown was egually poor. 'The latter staining method 
is difficult to employ and demands great skill to obtain good results. 
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IV DESCRIPTION OF THE DEVELOPMENTAL STAGES 
STAGE 24 


Sclerotomic cells are being liberated on the ventromedian sides of the 
somites, the notochordal cells are becoming vacuolated and indications of an 
elastica externa are manifest. The sclerotomic tissue is segmentally arranged. 
The notochord extends cranially to a considerable degree, its tip being situated 
directly in front of the anterior margin of the first myotome present in this 
stage (Fig. 1). 'The otic vesicle is present and situated in juxtaposition to 
the first myotome. 'To facilitate description the first four consecutive myotomes 
are denoted by the letters w, x, y and z (Fig. 1). The ganglionic anlagen of 
the ninth and tenth cranial nerves are in direct juxtaposition to myotome Xx. 
Since the occipital arch is formed later between myotome z and the following 
myotome, the former is the most posterior cephalic myotome and the one 
following this is the first trunk myotome. 
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FIG. 1 


Stage 24. Semi-diagramatic frontal section through the 

head region. BR, brain; O.V, otiec vesicle; 'TR.I, first trunk 

myotome; VI G., IX & X G, ganglionic anlagen of the 

VIIth to the Xth eranial nerves; W, X, Y and Z, cephalie 
myotomes. 


STAGE 95 


Myotome w is much reduced and is situated well in front of the otic 
vesicle. Myotome x now lies directly medial to the otic vesicle. 'The ganglionic 
anlagen of IX & X are situated opposite the anterior half of myotome y. 


STAGE 26 


The sclerotomic tissue is still segmentally arranged and the notochord 
is still in the process of vacuolization. 'The latter extends to well in front 
of the otic vesicle. Vestiges of myotome w are present; the front margin of 
myotome x is relatively far behind the tip of the notochord. 'The otic 
vesicle is situated directly opposite the posterior portion of myotome x and the 
ganglionic anlagen of IX & X lie opposite the middle of myotome y (Fig. 2). 
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Stage 26. Semi-diagramatic frontal section through 
the head region. BR. brain; NCH., notochord; O.V,, 
otie vesicle; TR.I, first trunk myotome; VG. VIIG,, 
IX & XG., ganglionic anlagen of the Vth to the 
Xth cranial nerves; X, Y and Z, cephalic myotomes. 
Vestiges of myotome W, not indicated in the figure, 
are still present in front of myotome X. 


STAGE 98 


From the region of sclerotomic proliferation the mesenchyme cells 
gradually spread round the notochord, and in a more scattered manner round 
the spinal cord as well. Since they are more concentrated at the point of 
origin, their fundamental segmental arrangement is still clearly visible. 
This is particularly noticeable in the region of the notochord around which 
they form ring-like concentrations. 'The notochord is not yet completely 
vacuolated, its nuclei are still migrating towards the periphery. 'The distance 
between the tip of the notochord and otic vesicle is greater than in the 
previous stage. Vestiges of myotome w are still present and the otic vesicle 
is situated opposite the cranial half of myotome z. 'The ganglionic anlagen 
of IX & X lie directly opposite the posterior half of myotome z (Fig. 3). 
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Stage 28. Semi-diagramatic frontal section 

through the head region. BR. brain; NOH, noto- 

chord; O.V., otic vesicle; 'TR.I, first trunk myo- 

tome; VG, VG. IX & XG., ganglionic anlagen 

of the Vth to the Xth cranial nerves;, X, Y and 
7, cephalic myotomes. 


STAGE 31 


The notochord is not completely vacuolated yet, and its tip nearly 
reaches a line connecting the anterior borders of the eyes. 'The nuclei of the 
notochordal cells arrange themselves around the periphery, thus forming the 
notochordal epithelium. 'The mesemchyme starts to disperse intersegmentally 
so as to form a continuous layer outside the notochord. 'The otic vesicle is 
situated opposite the front portion of myotome z and the ganglionic anlagen 
of IX & X lie opposite the septum between myotome z and the first trunk 
myotome (Fig. 4). 
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X. FIG. 4 
Vie! Stage 31. Semi-diagramatic frontal 


section through the head region. BR. 
VILG. brain; NCH., notochord; O.V. otie 
Y vesicle; 'TR.I, first trunk myotome; 
VG., VIIG, IX & XG, ganglionie 
anlagen of the Vth to the Xth cranial 


O.V. nerves; X, Y and Z, cephalie myo- 
tomes. 

7 

IX& X.G. 

TR. 

NCH. 


STAGE 32 


Scattered muclei in the notochord are still in the process of migrating 
to the periphery. 'The myotomes nearly touch the notochordal sheaths, so 
that the mesenchyme is compressed into a very narrow space. Both notochordal 
sheaths, the elastica externa and the elastica interna, can be distinguished at 
this stage. 


STAGE 88/31 


The vacuolization of the notochordal cells is still progressing and 
myotomes x, y and z are still present. Myotome x is very small and in the 
process of reduction. 'The otic vesicle is situated opposite myotome z. 


STAGE 87/88 


The notochord is completely vacuolated, and its tip extends cranially 
to a point situated between the eyes. 'The elastica interna is still very thin. 
The mesenchyme forms a clearly discernible continuous perichordal tube 
enveloping the notochord. Myotome x is reduced, and myotome z is situated 
opposite the otie vesicle. The ganglionic anlagen of IX & X lie opposite the 
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eranial half of the first trunk myotome (Fig. 5). The ganglia of the spinal 
nerves are clearly visible, and spinal nerve 1 can be distinguished opposite the 
hind part of trunk myotome 1. 


EVvE 
FIG. 5 


Stage 37/38. Semi-diagramatic 
ve. frontal section through the head 
region. BR. brain, NCH., noto- 
chord; O.V., otie vesicle; TR.I, 
first trunk myotome; V.G., 
VILG. VIIG, IX & XG, ganglionic 

anlagen of the Vth to the Xth 

cranial nerves; Y and Z, cephalic 
OV. myotomes. 


STAGE M 


Myotomes y and z are both present in front of trunk myotome I. 'The 
floor of the auditory capsule is procartilaginous. 'The anlagen of the trabeculae 
are just discernible, and the anterior parts of the parachordals are present 
as condensations of mesenchyme on either side of the tip of the notochord. 
Anterior to the tip of this latter these condensations are bridged by mesenchyme, 
so that the anterior part of the basal plate is being formed. 'This cross bar 
has been called planum trabeculare by some authors (Fig. 6). 'The future 
neural arches appear as condensations of mesenchyme opposite the myocommata. 
Tn addition the spinal cord is surrounded by scattered mesenchyme cells between 
the anlagen of the consecutive neural arches. 
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STAGE 4 


The hindmost border of the last cephalic myotome (myotome z) 
Ccoincides with the posterior border of the otic vesicle. 'The ganglionic anlagen 
(IX & X) here lie opposite the middle of trunk myotome I (Fig. 6). Vestiges 
of myotome x persist ventrally. 'The ninth and tenth nerves appear as a 
series of five to six roots on either side of the medulla (the actual number is 
difficult to determine). 'The hindmost root of these is situated in the region 
of trunk myotome I directly in front of the second spinal nerve. 'This latter 
root undoubtedly belongs to trunk segment I and forms part of the vagus series. 


EYES 


PAR BP. ST. 


V.G. 


Stage 41. Semi-diagramatic frontal section through the head 

region. BR. brain; NCH., notochord; O.V., otie vesicle; 

PAR.BP.ST. anterior anlage of the parachordal (“Balken- 

platte” of Stéhr); PCH.T., perichordal tube; VG, VIIG, 

IX & XG., ganglionic anlagen of the Vth to the Xth cranial 
nerves; Y and Z, cephalic myotomes. 


STAGE 42 


The perichordal tube is still very thin, and cephalic myotome y is in a 
state of reduction (Fig. 7). 'The myocomma between cephalic myotome z and 
trunk myotome |I is situated opposite the middle of the otic vesticle. 'The 
ganglionic mass of IX & X lies directly opposite the myocomma between trunk 
myotomes 1|T and II. The trabeculae as well as the anterior parts of the 
parachordals are in a procartilaginous condition. The tip of the notochord 
lies directly in front of the reduced myotome y. lJt is obvious that some 
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relative shifting of parts has taken place, and it would appear that, relative 
to the notochord, the myotomes have moved forwards and the otic vesicle 
backwards. 'The future neural arches are still in a dense mesenchymatous 
condition, such condensations of mesenchyme being derived from two consecu- 
tive metameres. 'The ganglion of spinal nerve IT, which is much smaller than 
those of the other spinal nerves, lies opposite the hind part of trunk myotome TI. 


STAGE 18 


The reduced cephalic myotome y is present behind the anlagen of 
the parachordals, which as well as the trabeculae start chondrifying. 'The 
ganglionic mass of IX & X lies opposite the myocomma, between trunk myotomes 
I and TI (Fig. 7). 'The tip of the notochord reaches to the infundibulum. 


4MM. 
FIG 7 

Stage 43. Semi-diagramatic frontal section through the 

head region. BR. brain; NCH., notochord; O.V., otie vesicle; 

PAR.BP.ST,, anterior anlage of the parachordal (“Balken- 

platte” of Stêhr); PCH.T. perichordal tube; TRA., anlage 


of EE VIIG. IX & XG. ganglia of the VIIth to 
e cranial nerves; Y and Z, cephalie myotomes. 
STAGE 4 


Tn this stage only vestiges of cephalic myotome y are present, and the 
reduction of myotome z has already set in. 'The anlage of the anterior part 
of the basal plate in front of the tip of the notochord is not yet chondrified. 
The glossopharyngeus-vagus complex appears between the hind border of 
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the otic vesicle and anterior margin of trunk myotome I. 'The ganglion is 
situated between the first two trunk myotomes. 


STAGE 45 


The major portions of the anterior parts of the parachordals and of 
the trabeculae are chondrified. 'The tip of the notochord extends cranially 
up to the infundibulum. Cephalic myotome y is completely, and myotome z 
partly reduced. 'The fibres of the latter are attached to the posterior border 
of the parachordal. 


STAGE 146 


Myotome z is now reduced to mere vestiges. 'The tip of the notochord 
does not project cranially to the same extent as in the previous stages. 'The 
anterior anlage of the basal plate encasing the disintegrating tip of the 
notochord is now chondrified (Fig. 8). 
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Stage 46. Semi-diagramatic frontal section through the head region. 

BR. brain; NCH., notochord; O.V., otic vesicle; PAR.BP.ST. anterior 

part of the parachordal (“Balkenplatte” of Stohr); PCH.T., peri- 

chordal tube; TRA., trabecula; TR. IT, second trunk myotome; VIIG,, 

IX & XG., ganglia of the VIIth to the Xth cranial nerves; Z, cephalic 
myotome. 


STAGE Ji 


'The anterior and the posterior portions of the auditory capsule are 
chondrified (Fig. 9). Cephalic myotome z is entirely reduced and all that 
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remains of trunk myotome 1 is its posterior portion (Fig. 9). 'The ascending 
portion of each occipital arch is present as a condensation of mesenchyme in 
front of the reduced trunk myotome 1. 'The basal portions of the occipital 
arches have chondrified and fused with the parachordals to form the basal 
plate, which now consists chiefly of two entities, one on either side of the 
notochord (Fig. 9). Laterally a narrow strip of mesenchyme separates the 
basal plate from the cartilage of the auditory capsules. The cartilaginous 
bases of the occipital arches are situated at the niveau of trunk myotome 1. 
The tip of the notochord now extends only up to the front margins of the 
auditory capsules and does not reach the infundibulum. 'The condensationg 
of mesenchyme cells opposite the myosepta are almost in a procartilaginous 
condition. Posterior to the occipital arch in front of trunk myotome IJI a 
condensation of cells occurs representing the beginning of the atlas arch. 
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Stage 47. Semi-diagramatic frontal section through the head 

region. A.C., auditory capsule; BR, brain; NCH, notochord; 

O.A. basis of the occipital arch; PAR, parachordal: PAR.BP.- 

ST. anterior part of the parachordal (“Balkenplatte” of Stohr); 

PCH.T., perichordal tube; IX & XG., glossopharyngeus — vagus 
ganglion; 'TRI, first trunk myotome. 


STAGE 48 


In this stage trunk myotome I can no longer be distinguished as such. 
Fibres of trunk myotome II are attached to the posterior wall of the auditory 
capsule. In some sections a small posterior portion of trunk myotome 1 
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apparently fuses with trunk myotome II. 'The dorsal ascending portion of each 
oecipital arch is chondrified and fused with the auditory capsule. 'The occipital 
arch now lies in front of trunk myotome II, i.e. where one would expect to 
find the atlas arch. 'The dorsally directed portion of the atlas arch is present 
immediately behind the occipital arch and is still in a blastematous state. 'The 
basal portion of the atlas arch is in a procartilaginous condition and projects 
cranially for a short distance between the notochord and the base of the 
occipital arch. 'The line of demarcation between the basal portion of the 
atlas and the occipital arch is not distinct. 'The bases of the third and fourth 
arches are procartilaginous, and those of the fifth and sixth have commenced 
chondrifying; they are situated on the dorso-lateral side of the notochord. 
The auditory capsule has fused medially with the basal plate. 


STAGE 19/50 


The anterior end of the notochord is further reduced. Dorsally and 
ventrally the notochord is covered by a thin layer of perichordal tissue, and 
laterally by the cartilage of the basal plate. 'The second and third pairs of 
arches are procartilaginous, and the ventral portions of the fifth to the ninth 
pairs are chondrified. 'The bases of the atlas arches are starting to chondrify, 
the remaining portions still being in a blastematous condition. Between the 
atlas and occipital arches dense connmective tissue occurs. Ventrally this 
tissue is changing into procartilage. Vestiges of trunk myotome I can still 
be observed, and trunk myotome II becomes reduced medio-ventrally. 'The 
perichordal tube round the notochord is very thin, especially beneath the bases 
of the arches. The latter structures do not rest directly upon the elastica 
externa (Fig. 11). 


STAGB 51 


The basal portions of the atlas arch and of the second neural arch 
are chondrified. 'The dorsal portions of the atlas arches are still in a 
connective tissue state. 'The neural arches of the third to the ninth vertebrae 
are almost completely chondrified except for the parts dorsal to the spinal 
cord. ln comparison with the remaining presacral and sacral vertebrae the 
chondrification of the neural arches of the first and second vertebrae is 
delayed. 'The basal portions of the tenth pair of neural arches are partly 
chondrified whereas those of the eleventh pair are still in a procartilaginous 
state. On the dorso-lateral side of the spinal cord and dorsal to the spinal 
ganglia, the consecutive arches are joined together by strips of mesenchyme 
(Fig. 13A). 'This tissue represents the anlagen of the zygapophyses. The 
ventral portion of the perichordal tube is relatively thick, especially in the 
posterior region. ln the atlas region the lateral portions of the tube are 
partly chondrified. 
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Stage 52. Frontal section through the occipito—vertebral region, 

A.C., auditory capsule; AT. atlas arch; N.A. neural arch; O.A. oceipital 

arch; OV.T, occipito-vertebral tissue; SP.C., spinal cord; SP.G., 
spinal ganglion; TR. IT, second trunk myotome. 


STAGE 569 


Chondrification of the perichordal tissue dorsal to the notochord 
between the two parachordals sets in, so as to form an epichordal commissure 
(commissura epichordalis); ventrally it is still in a conneetive tissue condition. 
Except for the portions above the spinal cord, the atlas arches are chondrified 
and are separated by dense occipito-vertebral tissue from the occipital arches 
(Fig. 10). Ventrally the bases of the atlas arches are in cartilaginous continuity 
with those of the occipital arch, as a result of the chondrification of the 
occipito-vertebral tissue in this region (Figs. 10, 14 and 16). 'The perichordal 
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tube is thicker than in previous stages, and ventrally to the notochord it is in a 
procartilaginous condition; dorsally to the notochord between and beneath the 
arches it is still in a blastematous state. 'The sides of the eranial. portion 
of the tube are chondrified up to the intervertebral region between the second 
and third vertebrae. From the fourth to the ninth vertebrae the arches are 
completely chondrified. 'The dorsal ends of the first and of the second pairs 
of arches are still connected by connective tissue, but in the case of the 
third pair the union is already procartilaginous. The basal portions of the 
1ith pair of arches are chondrified and those of the 12th pair are in a procar- 
tilaginous state. As a result of the spreading of cartilage from the arches 
into the mesenchyme strips connecting them dorsally to the ganglia, the 
Zygapophyses are established. Unchondrified tissue remains in the position of 
the future joints (Fig. 13B). 'The ribs are present as condensations of 
connective tissue in the myocommata opposite the second, third and fourth 
pairs of arches. 


FIG. 11 


Stage 53. Transverse section through the trunk in the 
region of the 4th vertebra. AO, aorta; D.PCH.T, dorsal 
portion of the perichordal tube; BL.E., elastica externa; 
ELI, elastica interna; N.A. neural arch; NCH., notochord; 
PCH.T., perichordal tube; SP.C., spinal cord; MEER IT. 
ventral cartilaginous portion of the perichordal tube. 
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STAGE 58 


The zygapophyses between the first and second pairs of neural arches 
are poorly developed. 'The front portion of the perichordal tube ventral to 
the notochord is chondrified up to the region of the fourth vertebra (Fig. 11). 
At the hind end of the basal plate the perichordal tissue ventral to the 
notochord chondrifies so as to form a hypochordal commissure (commissura 
hypochordalis). In this region of the basal plate the notochord is thus covered 
by cartilage dorsally as well as ventrally.  Dorsal to the notochord the 
perichordal tube is still in a blastematous condition except beneath the arches, 
where, beginning in front, it starts to chondrify backwards. 'The arches now 
appear to rest almost directly upon the elastica externa. lIntervertebrally the 
perichordal tube has become thicker on the dorsal side of the notochord. 

The portions of the 10th pair of arches dorsal to the spinal cord are 
in a procartilaginous condition, and the bases of the 1ith pair are chondrified. 
Further posteriorly the arches are still in a fibrous blastematous condition, 
except the 12th pair, which are becoming procartilaginous. 

The hypochord is present in the urostyle region as a connective tissue 
condensation beneath the perichordal tube. 


STAGE 5) 


Perichondral ossification appears on the outer and inner surfaces of 
all the arches up to the 9th pair. Destruction of cartilage in the arches 
commences as well as calcification of cartilage in the basal portions. 'The 
first and second pairs of arches are still unchondrified dorsally to the spinal 
cord. "The occipito-vertebral tissue between the atlas and occipital arches is 
chondrified and partly differentiated into two halves. 'The cranial half 
fuses with the occipital arch in front and the caudal with the atlas arch 
behind (Fig. 13D). In the middle, where the future synovial cavity will be 
formed, the tissue remains unchondrified except ventrally, where the 
chondrification is continuous so that the atlas vertebra and the basal plate 
are confluent. 'The 10th pair of arches are chondrified dorsally to the spinal 
cord, and the 12th pair are still in a procartilaginous condition. 

The zygapophyses are well developed and synovial cavities arise in the 
connective tissue between the prezygapophyses and the postzygapophyses of 
the fourth to the ninth vertebra (Fig. 138C). 'The tissue surrounding the 
cavities has not yet chondrified. 

Chondrification of the ventral portion of the perichordal tube extends 
caudally and now reaches the region of the sixth vertebra; further backwards 
it is in a procartilaginous condition. 'The vertebral portions of the perichordal 
tube dorsal to the notochord change from ordinary connective tissue into 
procartilage up to the region of the fourth vertebra. 'The arches exert 
pressure upon the notochord, and the notochordal sheaths are therefore much 
thinner beneath the arches than intervertebrally. 


The ribs are still present as condensations of connmective tissue in the 
myocommata. 


STAGE 55 


The cranial portion of the notochord is much reduced and shrunken 
and runs in a groove on the ventral surface of the basal plate. At the 
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extreme posterior end of the basal plate it is covered ventrally by the 
hypochordal commissure. 

The first two pairs of arches as well as the 1lth pair are now 
chondrified dorsally to the spinal cord. 'The basal portions of the 12th pair 
of arches are chondrified, and those of the 13th are in a procartilaginous 
state. In the tail region the arches are of dense fibrous blasteme. 

The tissue surrounding the zygapophyseal synovial cavities chondrifies 
(Fig. 13D). 'There is no indication yet of a joint between the first and second 
vertebral arches. 'The interzygapophyseal tissue here also chondrifies, but 
differentiates only partly into two parts, so that there is a cartilaginous 
continuity between the first and the second vertebrae. Well developed 
Zygapophyses are also present between the 9th and 10th arches. 

The perichondral bone on the outer surfaces of the arches is much 
thicker than in the previous stage. A large amount of cartilage of the arches 
as well as of the inner perichondral bone is being absorbed. 
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FIG. 12 


Stage 56. 'Transverse section through the trunk in the region of the 

3rd vertebra. AO. aorta; D.PCH.C., dorsal cartilaginous portion of 

the perichordal tube; EL.E., elastica externa; EL.I., elastica interna; 

N.A., neural arch; NCH., notochord; PCH.T., perichordal] tube; R., rib; 

SP.C.,, spinal cord; SP.N., spinal nerve; V.PCH.T., ventral cartilaginous 
portion of the perichordal tube. 
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Small cartilaginous diapophyses develop on the neural arches of the 
second to the fourth vertebrae. 'The distal portions of the second pair of ribs 
are procartilaginous. 

The whole ventral portion of the perichordal tube is now chondrified and 
forms a cartilaginous structure ventral to the notochord for the entire length 
of the vertebral column. Anteriorly this cartilaginous structure is continuous 
With the hypochordal commissure of the basal plate. Cranially the cartilage 
of the perichordal tube envelops the notochord up to the intervertebral region 
between the second and the third vertebrae. Dorsally to the notochord the 
vertebral portions of the perichordal tube are chondrified up to the 6th 
pair of arches, whereas the intervertebral portions are chondrified up to the 
third vertebra. Between the third and fourth arches the tube is dorsally 
changing into procartilage, while further backwards the intervertebral portions 
still consist of connmective tissue. 


STAGE 56 


No indication of a joint is present between the occipital and atlas 
arches and between the latter and the second pair of arcualia. On the dorsal 
side of the spinal cord the 9th and the 10th and the 10th and the 1ith pairs 
of arches are connected: in the former the bridge consists of cartilage and 
in the latter of procartilage. 'The 12th pair of arches are completely chondrified. 

Short ecartilaginous diapophyses are present on the second to the 
fourth pairs of arches. 'The distal portions of the first pair of ribs are in 
a procartilaginous condition and those of the second pair are chondrified 
(Fig. 12). 'The third pair of ribs is still in a dense blastematous condition. 

The vertebral portions of the perichordal tube are chondrified up to the 
region of the 9th vertebra and are covered dorsally by a thin layer of 
perichondral bone. (Calcification of the cartilage matrix has set in. 'The 
intervertebral portions of the tube are chondrified up to the region of the 5th 
vertebra. 'The intervertebral cartilage is much thicker than the vertebral 
portions and compresses the notochord intervertebrally. 


STAGE 57 


The developing occipito-vertebral cartilage increases in its eranio-caudal 
dimensions and pushes the basal portions of the atlas arches further backwards. 
The anterior portions of the latter now lie completely posterior to the hind 
portions of the basal plate. 


Well developed zygapophyses, as well as indications of synovial cavities, 
are present between the 9th and the 10th pairs of neural arches. 'The 10th 
pair is perichondrally ossified and fused with the 11th pair of arches. 

The first and second pairs of ribs are chondrified and attached to the 
diapophyses of the 2nd and 3ard vertebrae by means of dense connective tissue. 
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The second rib is much longer than the first, and laterally it reaches the 
suprascapula (Fig. 14). 'The distal portions of the third pair of ribs are 
now chondrified. Short cartilaginous diapophyses are present on the 5th pair 
of arches. 
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Stages 51, 52, 54 and 56. Sagittal 
sections through the trunk to 
show the development of the 
Zygapophyses. CO, occipital 
condyle; CP., occipto-vertebral 
cartilage forming a cup on the 
anterior surface of the atlas 
arch; D.ID., strips of mesen- 
chyme connecting consecutive 
` arches and representing inter- 
dorsal material; INZ,., inter- 
Zygapophyseal cartilage; MY, 
myotome; 'N.A., neural arch; 
O.A., occipital arch; PRZ., pre- 
Zygapophysis; PZ., postzygapo- 
physis; SPG., spinal ganglion. 
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Dorsally to the notochord the vertebral portions of the perichordal 
tube are chondrified up to the region of the 10th vertebra. The intervertebral 
portions are chondrified up to the 8th vertebra. For almost the entire length 
of the vertebral column the perichordal tube now has two strips of cartilage, 
one ventral and the other dorsal to the notochord. 'These are continuous 
anteriorly with the basal plate, and are connected on the sides by the 
fibrous portions of the tube. 'The dorsal strip has intervertebral thickenings 
compressing the notochord in such areas. 

In the urostyle region the hypochord starts to chondrify and forms a 
ridge on the ventral surface of the perichordal cartilage (Fig. died 
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Stage 574. Frontal section through the ventral part of the 
oceipito-vertebral region. A.C., auditory capsule; AT, 
atlas arch; IV.C, intervertibral cartilage in front of the 
atlas; O.A., occipital arch; OV.C., oecipito-vertebral earti- 
lage; R., rib; SOA. suprascapula; 'TR. IT, second trunk 
myotome; V.PCH.T., ventral cartilaginous portion of the 
perichordal tube; VIT, VIIL IX & X, VITth to the Xth 
cranial nerves. 
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FIG. 15 


Stage 574. Frontal section through the dorsal part of the 
occipito-vertebral region. AC., auditory capsule; AT, 
atlas arch; CO.O., occipital condyle; C.P., occipito-vertebral 
cartilage forming a cup on the anterior surface of the 
atlas arch; DIA., diapophysis; IV.C., intervertebral carti- 
lage; NCH., notochord; O.A. occipital arch; R., rib; SP.G. 
spina] ganglion; TR.IT, second trunk myotome. 
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STAGE 58 


The 1ith and 12th pairs of arches are fused, and a 13th procartilaginous 
pair is present. Further backwards the spinal cord is enveloped by connective 
tissue arches. 'The zygapophyses between vertebrae 9 and 10 are fused. 'The 
vertebral and intervertebral chondrifications of the perichordal tube extend 
posteriorly to the region of the 10th vertebra. 

Bach of the first and second pairs of ribs now consists of a bony 
cylinder with a cartilaginous core. 'The tissue attaching them to the diapophyses 
of the ?2nd an 3rd vertebrae is changing into procartilage. 'The ard pair 
of ribs is now chondrified; they are longer than the second pair, are curved 
backwards, and are still syndesmotically attached to the diapophyses of the 
Ath vertebra. 'The “transverse processes” of vertebrae 5 to 9 are present as 
condensations of mesenchyme in the proximal portions of the myocommata. Those 
of the 9th or sacral vertebra are much larger and more advanced in development. 

The cartilaginous hypochord on the ventral surface of the perichordal 
cartilage extends from the intervertebral region between vertebrae 9 and 10 to 
beyond the 12th vertebra. Its hind portion curves downwards and is continued 
backwards as ordinary connective tissue. 
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FIG. 16 


Stage 57. Transverse section through the oeeipito- 
vertebral region. AO, aorta; AT. atlas arch; 
M.D.T. musculus dorsalis trunei; NOH, noto. 
chord; O.A., oceipital arech; OV.C,, oceipito-verte- 
bral cartilage; SP.IT, second spinal nerve. 
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STAGE 60 


The first indications of an oOccipito-vertebral joint are now present 
(Fig. 18). In the neural arches of the first three vertebrae almost all the 
cartilage dorsal to the spinal cord has been resorbed. 'The arches now consist 
of only the outer perichondral bone with a thin inner strip of calcified 
cartilage. The basal portions of the arches consist of calcified cartilage 
containing primary marrow cavities. 'The ecranial portion of the 13th arch 
is completely chondrified; it envelops the spinal cord and is fused to the 
12th neural arch. Even the basal portions of a 14th pair of arches are 
present as procartilage. 

The tissue connecting the first and the second pairs of ribs to the 
diapophyses of the second and third vertebrae starts chondrifying. ln the 
case of the third pair of ribs the connexions are still fibrous. Short 
cartilaginous diapophyses are clearly present on the arches of the 5th to the 


FIG. 17 


Stage 60. Transverse section 
through the trunk in the 
intervertebral region between 
the 10th and 1ith vertebrae. 
IERE, cartilaginous hypo- 
chord; IV.C., intervertebral 
cartilage; N.A., neural arch 
of the 10th vertebra; NCH, 
notochord; PCH.T., perichor- 
dal tube; SP.C., spinal cord; 
SP.G., spinal ganglion; 
V.PCH.T. ventral ecartilagi- 
nous portion of the perichor- 
dal tube. 
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Oth vertebrae. 'The future so-called “transverse processes” are present as 
condensations of mesenchyme and are situated laterally to the diapophyses. 
In the case of the 9th vertebra these are chondrified medially and are fused to 
the diapophyses. Such “transverse processes” are not merely outgrowths 
of the arches, but arise partly as direct chondrifications of tissue in the 
myocommata. 'The so-called “transverse processes” of the 9th vertebra are, 
therefore, not true diapophyses, but vertebro-costal in origin and should be 
called pleurapophyses. 

Chondrification of the vertebral portions of the perichordal tube extends 
caudally up to a point between the bases of the 12th pair of arches. The 
perichondral ossification of the dorsal aspects of the vertebral portions of 
the perichordal tube has also extended up to this region. lIntervertebrally 
the chondrification reaches the 1ith pair of arches. 'The ventral cartilaginous 
portion of the tube continues for some distance into the tail. 'The vertebral 
centra, except those in the urostyle region, now consist of calcified cartilage 
having primary marrow cavities. 'Their upper surfaces, which are perichon- 
drally ossified, eventually partly overlap the intervertebral cartilages. 'The 
hypochord is perichondrally ossified on its ventral surface. 


STAGE 61 


The cephalic portion of the notochord is present as a very thin thread 
lying ventral to the basal plate, except posteriorly, where the hypochordal 
commissure is formed. 

The occipito-vertebral joint is almost completely established. It clearly 
arises partly as a result of degeneration and resorption of cartilage. 'The 
remaining occipito-vertebral cartilage forms the occipital condyles and the 
cups on the anterior surface of the atlas arches (Fig. 19). Part of the 


FIG. 18 


Stage 61. 'Transverse section 
through the oceipito-vertebral 
region. AO, aorta; AT, atlas 
arch; M.D.T., musclus dorsalis 
trunci; O.A, oeeipital arch; 
OV.C, occipito-vertebral carti- 
lage; SP.IT, second spinal nerve; 
SYN.CG., synovial cavity. 
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intervertebral portion of this tissue is added to the centrum of the atlas. 
The zygapophyseal joints between the first two vertebrae arise in the same way 
as the occipito-vertebral joint. 'The 1ith pair of arches are partly ossified 
perichondrally. 

The first and second pairs of ribs are synchondrotically attached to the 
vertebral column and in the case of the third pair the connecting tissue tends 
to pass into procartilage. 


STAGE 69 


The occipito-vertebral joint is completely established. From the ist 
to the 8th vertebra the dorsal and dorso-lateral portions of the arches now 
consist of only an outer perichondral bony lamella, the inner bony lamella 
as well as the cartilage having been resorbed. 

The third pair of ribs is synchondrotically fused with the diapophyseg 
of the fourth vertebra. 'The “transverse processes” of the 9th vertebra 
expand laterally, but do not yet reach the ilia. (Caleification of the 
intervertebral cartilages has set in in the pre-urostyle region. 


STAGE 63 


At the hind part of the basal plate the perichordal cartilage connecting 
the bases of the occipital arches and constituting part of the epichordal bridge, 
as well as the perichordal cartilage below the notochord, degenerates. 'The 
degeneration of the ventral cartilaginous portion of the perichordal tube 
commences anteriorly. No perichondral bone is yet present on the cartilage 
of the 12th pair of arches and the cartilage of the 13th pair starts degenerating. 


FIG. 19 


Stage 64. Transverse section 
through the occipito-vertebral 
region. AT, atlas arch; C.O,, 
oeeipital condyle; COP., occi- 
pito-vertebral cartilage 
forming a cup on the anterior 
surface of the atlas arch; 
M.D.T., musculus dorsalis 
trunci;: NCH., notochord; 
O.A., oeeipital arch; SPII, 
second spinal nerve; SYN.C, 
synovial cavity. 
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The cartilaginous hypochord extends backwards as far as the 13th 
pair of neural arches; further posteriorly it continues as ordinary connective 
tissue. In the anterior region of the hypochord some of the cartilage on its 
dorsal surface is being destroyed. 

The neural arches together with the dorsal perichordal cartilage of 
the urostyle region now constitute a hollow cartilaginous cylinder perforated 
by the spinal nerves. 


STAGE 64 


The entire ventral cartilaginous portion of the perichordal tube has 
now been converted into loose connmective tissue. Anteriorly this tissue as well 
as the lateral portions of the tube are being resorbed. The centrum of the 
atlas is therefore not perichordal in origin, as is generally stated, but 
epichordal, as in the other vertebrae (Fig. 19). 'The only difference is, that 
the atlas arches descend further ventrally, and laterally they partly surround 
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FIG. 20 


Stage 66. Transverse section through the anterior region of the 

urostyle, between the 9th and the 10th vertebrae. AO. aorta; HY, 

cartilaginous hypochord; IV.C., intervertebral cartilage between the 

9th and 10th vertebrae; N.A,, neural arch of the 9th vertebra; SP.C,, 
spinal cord; SP.N., spinal nerve. 
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the notochord. 'The atrophying notochord runs ventrally to the vertebral 
column throughout the entire length of the trunk. 'The notochordal sheaths 
are in the process of resorption, and the .remaining notochordal tissue is 
shrunken and becomes separated from its sheaths. 


The first signs of ossification appear in the so-called “transverse process” 
of vertebrae 5—8. 'The major portions of such processes arise by direct 
ossification without passing through a cartilaginous stage. As is the case 
in the “transverse processes” of the 9th vertebra, these are not simple 
outgrowths of the arches, but their distal portions are costal in origin and, 
as suggested above, should therefore be called pleurapophyses and not 
diapophyses. The broad lateral procartilaginous portions of the “transverse 
processes” of the 9th vertebra do not yet reach the ilia. Medially the processes 
are ossified perichondrally. 


STAGE 65 


The notochord is now very much reduced, only vestiges being present 
ventral to the vertebral column; in the head hardly any trace remains. 'The 
first indications of 'intervertebral joints are present. 'The intervertebral 
cartilage becomes divided so as to form a ball and socket joint, the ball 
being added to the front end of the centrum and the socket to the hind 
end of the preceding centrum. 'The centra are therefore opisthocoelous. 


The cartilage of the 13th pair of arches has been converted to connective 
tissue and is in a process of resorption. Concommitantly with the reduction 
of the notochord, the front end of the hypochord approaches the intervertebral 
cartilage between the 9th and the 10th vertebrae. 


STAGE 66 


Remnants of the notochord still persist ventrally to the vertebral 
column. 'The vertebral centra are ossified and contain marrow cavities. Nearly 
the whole neural arch of the adult frog is formed by the outer perichondral 
bony layer. Only the bases of the arches contain some enchondral bone. 


The middle portions of the ribs are ossified; distally and proximally 
they are still cartilaginous. 'The “transverse processes” of vertebrae 5—8 have 
not yet attained to their full length. Their free ends are surrounded by 
osteoblasts, which are responsible for the elongation of those processses. In 
the case of the 9th vertebra the “transverse processes” do not yet reach the 
ilia. 

Excepting the 10th vertebra, those in the urostyle region consist of 
caleified cartilage. In the former the whole space between the inner and 
outer perichondral bony layers of the arches is occupied by marrow cavities. 
Some of the cartilage on the outer surface of the 12th pair of arches, as 
well as the large cartilaginous precessus spinosus, forming a ridge on the 
dorsal surface of the arches in the urostyle region, are in the process of 
resorption. 


The front end of the hypochord now almost touches the intervertebral 
cartilage between vertebrae 9 and 10 (Fig. 20). 
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PART 
RESUME AND DISCUSSION 
I SEGMENTAMON 


In the youngest stage of Xenopus laevis examined, three metotic 
metameres are clearly distinguishable as three consecutive myomeres. 'These 
have been called myotomes x, y and z. Myotome x lies entirely behind the 
otie vesicle and opposite the ganglionic anlagen of IX and X. In front of 
myotome x, and situated medially to the otic vesicle, another myotome, W, is 
present. 'The anterior margin of this myotome is almost level with the 
front margin of the tip of the notochord. At this stage of development in 
Xenopus four cephalic myotomes are therefore present (Fig. 1). Myotome z 
is the most posterior of these, since it lies directly in front of the future 
oceipital arch. 'The myotome succeeding z is, therefore, the first trunk 
myotome. 


In Microhyla, van der Steen (1930) was able to identify two metotic 
myomeres, y and z. Myomere x is present, but according to him is not metotic. 
In any case he was not absolutely sure about the number of metotic metameres, 
for he mentioned the possible existence of three of these. Further development 
in Xenopus as regards the reduction of the myotomes and the changing 
position of the otiec vesicle in relation to the myotomes, corresponds exactly with 
conditions in Microhyla as described by van der Steen (1930). ln stage 25 
of Xenopus laevis, myotome w is much reduced and myotome x lies medially 
to the otic vesicle. 'The ganglionic anlagen of IX and X is situated opposite 
the anterior half of myotome y. In stage 28, myotome w has disappeared, and 
both myotomes x and y lie entirely in front of the otiec vesicle. The ganglionie 
anlagen of IX and X now lie opposite the posterior half of myotome z. 'The 
tip of the notochord projects far in front of myotome x (Fig. 38). 'This 
“forward shifting” of the myotomes in relation to the otic vesicle was also 
observed by van der Steen (1930) in Microhyla, and it is continued in the 
later development, for in older stages myotome z comes to 
lie medial to the otic -vesicle instead of far behind the latter 
(Fig. 5). By the time the chondrification of the parachordal commences, 
myotome x has disappeared, and the fibres of myotome y are attached to its 
posterior surface (Figs. 6 and 7). Even the front portion of trunk myotome 
1 now lies medial to the otic vesicle, and the ganglioniec anlagen of IX and X 
are situated opposite the myocomma between trunk myotome |I and trunk 
myotome II (Fig. 7). The parachordal extends caudally alongside the notochord 
into the position of myotome y, which has since disappeared. 'The fibres 
of myotome z now extend to the posterior surface of the parachordal (Fig. 8). 
As the cartilaginous basal portions of the occipital arches arise in the position 
of trunk myotome 1, cephalic myotome z and the greater portion of the first 
trunk myotome disappear (Fig. 9). 'The fibrous ascending portions of the 
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ocecipital arches arise in front of the short and much reduced trunk myotome 
1, and as these chondrify they, together with the emerging glossopharyngeus 
and vagus complex oust the whole of trunk myotome I, which disappears as 
such. 'Trunk myotome TT now extends up to the hinder surfaces of the 
occipital arches and auditory capsules. Finally the medio-ventral part of 
trunk myotome II degenerates (Fig. 14), as van der Steen (1930) also 
observed in Microhyla. 

Peeters (1910) observed two myotomes behind the anterior anlage of 
the parachordal (Peeters's “trabekelplaat”) in larvae of Rana esculenta and Rana 
fusca. The posterior margin of the second one coincides with the hind margin of 
the auditory capsule. These myotomes have a transitory existence, and from 
Peeters's description it seems probable that the two myotomes in Rama are 
comparable with the posterior cephalic myotomes y and z in Xenopus. Tt is 
possible that the foremost metotic myomere had already disappeared in 
Peeters's youngest stages. 


Elliot (1907) found a so-called occipital and a pre-occipital arch in 
larvae of Rana temporaria. Her interpretation appears to be incorrect, as 
has also been suggested by van der Steen (1930). 'The foremost myotome, 
as illustrated in her fig. 4, is small, and the ganglion corresponding to the 
same metamere is absent; the second has a rudimentary ganglion, whereas 
the other myotomes have well-developed ganglia associated with them. In 
a much older tadpole the first two myotomes have disappeared. The most 
anterior myotome then present has a degenerating ganglion associated with 
it. This ganglion is lost in the adult, and belongs to the missing first 
spinal nerve” (Elliot, p. 651). The first neural arch, according to Elliot, 
lies opposite the myocomma between the two most anterior myotomes present 
at this stage, and in front of this there are two cartilages representing the 
Occipital and pre-occipital arches. Comparing her text and figures with 
conditions in Xenopus one is forced to a different view. In Xenopus, as well 
as in Microhyla (van der Steen, 1930), the second trunk myotome has a 
small ganglion associated with it, and furthermore, in both cases the first 
trunk myotome has disappeared by the time the cartilaginous arches arise. 
The first myotome present in Elliot's older tadpole, as illustrated in her fig. 5, 
with its small associated “degenerating” ganglion would appear to be homologous 
with trunk myotome II of Xenopus. Van der Steen (1930) comes to the 
same conclusion for Microhyla and Alytes. 'The cartilaginous arch behind 
this myotome does not belong to the atlas but to the second 
vertebra. 'The atlas arches are formed in front of the second trunk myotome. 
The two cartilaginous structures in front are, therefore, not an occipital 
and a preoccipital arch, but the true atlas arch with the occipital arch in 
front. 'Jt also follows that the sensory nerve corresponding to the first 
myotome, as illustrated in fig. 5, is not the transient first spinal nerve, but 
the persistent first spinal nerve emerging between the first and second pair 
of arches. Elliot's interpretation of the structures in the oldest tadpole also 
appear to be incorrect. Her so-called preoccipital and occipital arches here 
seem to me to be nothing but the arches of the first and second vertebrae. 
Elliot concludes: “Rama therefore entirely agrees with Necturus in the 
segmentation of the head” (p. 653). She may be right as far as the number 
of metotic metameres is concerned, but her conclusion is based on an erroneous 
interpretation. 
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Platt (1898), analysed the condition in Necturus as follows: '“The 
oceipital arch, like the following neural arches, lies primarily in a myoseptum, 
and in fact in the myoseptum which separates the second myotome from the 
third (the third postotic somite from the fourth). In the next posterior 
myoseptum lies the first neural arch of the trunk, and in the plane which 
separates the first myotome from the second (the second postotic somite from ' 
the third) lies that anterior rudimentary arch which is taken into the median 
wall of the ear” (p. 436). In Nectures there are thus three metotic metameres. 
The “anterior rudimentary” arch was taken by Platt for a preoccipital 
arch. Peeters (1910) doubts the existence of a preoccipital arch in Necturus, 
since he could find no indications of it in his material. Goodrich (1911), in 
a study on Ambystoma confirmed the conclusion reached by Platt, so that 
in Ambystoma too, three metotic metameres are included in the head. As 
in Necturus, the occipital arches develop between the 3rd and 4th metotic 
somites, and the preoccipital arches between the second and third metotic 
somites. 

Ramaswami (1942), made a careful study of the segmentation of the 
skull in Ichthyophis glutimosus. He gives the following analysis concerning 
the metotic region: the first metotiec somite has for its dorsal root the ninth 
nerve, and the 2nd metotie, the first branch of the tenth nerve. In both a 
ventral root is lacking. The 3rd and 4th metotic somites have the remaining 
branches of X as dorsal roots. 'The ventral root of the 3rd metotic somite 
is the occipital nerve and that of the 4th metotic somite is the suboccipital 
nerve emerging behind the occipital arch. 'The occipital arch is, therefore, 
situated between the 3rd and 4th metotic somites. 'That makes the number 
of metotic somites in Jchthyophis glutimosus, three. 

After examining the evidence mentioned above, one is led to accept 
the view that in the three groups of living Amphibia at least three metotic 
metameres can be identified during ontogeny. As Ramaswami (1942) rightly 
remarks in the case of Ichthyophis, the number is actually 34. 'This point will 
again be referred to below. 


MacBride (1932) states: “If we bear in mind that a myotomic segment 
carries a spinal ganglion in front and a cartilaginous arch behind we see that 
the region of the skull behind the auditory capsule corresponds to one myotomic 
segment and one only” (p. 124). But this is very confusing, and if it means 
that the material of the metotic region of the skull corresponds to one 
metamere only, then it is certainly not correct. 


Another problem concerning: the segmentation of the occipital region 
of the skull is the number of vagus roots and their significance in the 
determination of the metamerism. Platt (1898), is inclined to support 
Fiirbringer's view by suggesting that he may be right in homologizing the 
boundary between the skull and vertebral column in Amphibia and Selachii. 
If that is the case, a number of segments, as Elliot (1907) pointed out, must 
have been excalated during phylogeny, for in Selachii, according to van Wijhe 
(1922), there are six metotic somites and in Amphibia three can be recognized 
during ontogeny. 'The vagus with its relatively large number of roots would 
then be an indication of the metamerism of the skull (cf. review by van der 
Steen, 1930). Accepting such a view immediately lands one in trouble. 'The 
number of glossopharyngeus and vagus roots is apparently not always constant. 
Gaupp (1893), distinguished four roots in Rama fusca, the fourth arising 
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in the region of the first vertebra. According to Strong (1895), “five roots ' 
can usually be distinguished composing the IX & X” (p. 185). In Rama 
temporaria (Eliot, 1907), there are apparently five to seven roots. Van der 
Steen (1930), could distinguish four roots in the young stages and three in 
older specimens of Microhyla. In Xenopus laevis according to Paterson (1940), 
the vagus arises as seven roots in the larva. 1 could clearly distinguish five 
of them, and in some cases six. 'There may possibly be one more, for in 
the younger stages it is very difficult to determine the number. 'The most 
posterior root lies in the region of the first trunk segment, and I regard it 
as the first spinal nerve. Van der Steen (1930) also suggests the possibility 
that in Microhyla the first spinal nerve forms part of the vagus group. 
Paterson (1940), mentions the existence of a communicating branch between 
the vagus and the hypoglossus in young frogs. Strong (1895) described a 
similar connesion in Rama. | suggest that these communicating fibres possibly 
belong to the so-called missing first spinal nerve. In some Urodela the first 
spinal also communicates with the second spinal to form the extracranial 
hypoglossus nerve. 


The varying number of vagus roots cannot give any true indication of 
metamerism, and one doubts whether it is of any morphological importance 
whatsoever. (Goodrich (1911), is very clear about the fact that “there is no 
evidence of the disappearance of segments behind the vagus, and no valid 
objection to the view that the hind limit of the skull may shift backwards 
or forwards in the course of phylogency” (p. 119). Jt is clear that there 
is no ontogenetic evidence for homologizing the occipito-vertebral boundary 


II BASAL PLATE 


Gaupp (1893, 1901) maintains that Stêhr could prove, that in Urodela 
and Amura each half of the basal plate, i.e. each parachordal, is composed 
of three consecutive portions: '“Balkenplatte”, '“mesotischer (peripherer) 
Knorpel” and “Ocecipitalplatte”. In his youngest stage of Rana fusca (Gaupp, 
1893) each half of the basal plate is already a cartilaginous continuity, but 
the parts mentioned above could apparently be clearly distinguished. According 
to Stéhr (1880), the basal plate in Triturus (Triton) and in Ambystoma 
tigrimum (Siredon) originates from the “Balkenplatten” in front and the 
“Oeeipitalplatten” behind. These structures extend towards each other and fuse 
to constitute the basal plate. lLater a third piece is added to the sides of the 
basal plate, Stéhr's “peripherer Knorpel”. 'This cartilaginous structure arises 
in the tissue between the basal plate and the cartilaginous auditory capsules. 
Stêhr (1880) could find no stage in which “der Achsentheil der Basalplatte 
vorn von der Balkenplatte, hinten von den Occipitalplatten, in der Mitte aber 
von den peripheren, von den Ohrkapseln aus entstandenen Knorpeln gebildet 
werde . . .” (p. 499). From the above it is obvious, that Gaupp's contention 
that Stêhr could prove the existence of three consecutive anlangen in each 
half of the basal plate, is based on misinterpretation. 


Gaupp's statement that the basal plate is composed of three consecutive 
parts is endorsed by Peeters (1910) for Triturus (Molge), who distinguishes 
from the front backwards: planum trabeculare, “zelfstandige kern” and bases 
of the oceipital arches (occipital plate). He concludes: “ ... de samenstelling 
der basaalplaat uit drie deelen is hiermee voor goed vastgesteld” (p. 31). 
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Peeters avoided the term 'mesotischer (peripherer) Knorpel”, as it was not 
clear to him what precisely was meant by it. He called the “zelfstandige 
kern” in Triturus (Molge), cartilago mediotica. Although, according to Peeters 
(1910), the three portions of the basal plate are not clearly distinguishable in 
` the Amura, there is no real difference between them and the Urodela. 

Platt (1898) could not clearly distinguish separate “Balkenplatten” and 
“Occipitalplatten” in Necturus. The two structures are connected from the 
start by narrow strips of cartilage on the sides of the notochord. According to 
her, Necturus occupies, in some respects, an intermediate position between 
Urodela (Triturus and Ambystoma tigrimum) and Anura, where the anlagen 
of the component parts of the basal plate are also not independent. Nor was 
Goodrich (1911) able to observe a tripartite anlage of the basal plate in 
Ambystoma. 

In Xenopus laevis the anterior parts of the parachordals are the first 
to chondrify. They appear as two cross bars on the sides of the tip of the 
notochord, in front of which they are connected to each other by a thin layer 
of unchondrified mesenchymatous tissue (Fig. 7). With the chondrification 
of this latter tissue, the anterior part of the basal plate is established, and 
the tip of the notochord is destroyed. 'The parachordals extend backwards on 
either side of the notochord. Tn the next stage the basal portions of the 
occipital arches are chondrified and are fused to the parachordals which have 
grown further backwards (Fig. 8). Tt would therefore appear that the para- 
chordals fuse with the bases of the occipital arches immediately after the 
latter become established. Although 1I had a very complete developmental 
series at my disposal, it was not possible to distinguish separate structures 
at any stage. |I therefore find it impossible to confirm Gaupp's interpretation 
of a tripartite origin of the basal plate from “Balkenplatte, mesotischer Knorpel” 
and “Occipitalplatte”. In Xenopus one can at most speak of a dual ontogenetic 
origin of the basal plate: a palaeoceranial preoccipital portion and a neocranial 
occipital portion. Whether a mesotic cartilage is included, is by no means 
clear. Kotthaus (1933) was also unable to distinguish a triple origin in 
Xenopus. He states: '“HEine Dreigliederung in 'Balkenplatte', 'mesotischer 
Knorpel' und '“Occipitalplatte', wie das bei anderen Anuren und vielleicht noch 
deutlicher bei den Urodelen mêglich ist, liszt sich bei der Basalplatte von 
Xenopus nicht beobachten” (p. 550). In spite of this Kotthaus came to the 
conclusion that all three portions are included in the basal plate of Xenopus. 
“Jedoch hege ich keinen Zweifel, dasz auch in ihr diese Teilstiicke prinzipiell 
enthalten sind, . . .” (p. 550). In Microhyla (van der Steen, 1930), the bases 
of the occipital arches also arise jn cartilaginous continuity with the 
parachordals and no mesotic cartilage can be distinguished. Similar conditions 
obtain in Megophrys (Megalophrys montana) (Kruijtzer, 1931). Gaupp (1906) 
distinguishes two components of the basal plate: the pars otica (preoccipital 
part) and the pars occipitalis. From the data it is clear, that there is no 
ontogenetic evidence for a metameric anlage of the pars otica. Since the 
“peripherer Knorpel” of Stêhr is added on to the side of the parachordal, it 
does not indicate metamerism in the latter. Judging from the position in 
which the cartilago mediotica in Triturus (Molge) (Peeters, 1910) arises, one 
is inclined to homologize it with the so-called preoceipital arch in Necturus 
(Platt, 1898) and Ambystoma (Goodrich, 1911). 'This cartilage is therefore not 
mesotic, and it belongs to the occipital region of the skull. 
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Concerning the metamerism of the pars occipitalis, there are, in the 
Urodela, 'indications of two separate skeletal meromes belonging to two 
consecutive metameres. ln the ontogeny of the Amura there is no evidence of 
a metameric anlage of the pars occipitalis. IT am inclined to agree with 
Gaupp (1906), that although the occipital arch is homodynamic with one 
vertebral arch, the basal portion must include the skeletal meromes of more 
than one metamere, since at least three metotic metameres can be identified 
in some species. 

Kotthaus (19338) could find no separate anlagen of the basal plate and 
of the auditory capsules in Xenopus: “Die van Reichert (1838) und Rathke 
(1839) und im Anschlusz an diese von Goette (1875) vertretene Ansicht, die 
Ohrkapsel sei eine selbstindige Sinniskapsel, die erst spiter dem axialen 
Schidelskelet angegliedert sei, findet in den Entwicklungsverhêltnissen von 
Xenopus keine Stiitze . . .” (p. 556). 'This conclusion of Kotthaus cannot be 
confirmed, for in my specimens of Xenopus laevis, the basal plate and the 
auditory capsules chondrify independently, the cartilaginous continuity being 
secondary. Apparently Kotthaus's series was incomplete. Separate centres of 
chondrification of the basal plate and of the auditory capsules could also be 
distinguished in Microhyla (van der Steen, 1930), Megophrys (Megalophrys) 
montama (Kruijtzer, 1931), and Leiopelma archeyi (N. G. Stephenson, 1951). 
Among Urodela an independent chondrification occurs in Triturus and 
Ambystoma tigrimum (Stêhr, 1880) and Necturus (Platt, 1898). In my 
opinion there can be no doubt about the separate anlagen of the basal plate 
and of the auditory capsules, which, from a morphological point of view, is 
what one would expect. 


Gaupp (1893, 1901, 1906) maintains that in Rana fusca the middle 
part of the cephalic portion of the notochord chondrifies and constitutes part 
of the basal plate. A similar condition occurs in Megophrys (Kruijtzer, 1931). 
According to Peeters (1910), the tip of the notochord is destroyed in Pama 
esculenta and in Alytes, while the remaining cephalic portion is displaced so 
as to lie ventrally in apposition to the basal plate. Peeters does not exclude 
the possibility that part of the notochord may chondrify; the larvae 
eximined by him had not yet completed their metamorphosis. Peeters's 
observations concerning the conditions in Rana fusca also differ slightly 
from those of Gaupp. ln at least one specimen almost the whole cephalic 
portion of the notochord chondrifies. He could, however, neither support nor 
reject Gaupp's view, that it becomes incorporated into the definite basal 
plate. In Xenopus laevis there is not the slightest indication of a chondrifi- 
cation of notochordal tissue. As previously mentioned, the tip of the notochord 
is destroyed, and its remaining cephalic portion, flanked by the parachordals, 
is covered dorsally and ventrally by perichordal connective tissue. The 
dorsal portion of this tissue then chondrifies so as to form an epichordal 
cartilaginous commissure connecting the two halves of the basal plate. This 
commissura epichordalis does not simply arise as a result of the fusion of 
the two halves of the basal plate dorsal to the notochord, but by a definite 
chondrification of perichordal connective tissue dorsal to the notochord. 
Later the epichordal commissure broadens out laterad and pushes the bases 
of the occipital arches away from the notochord. The latter now runs in a 
groove on the ventral surface of the basal plate; its front end curves upwards 
and is at first not covered by cartilage dorsally. At the hind end of the 


113 


basal plate also the notochord is ventrally surrounded by cartilage as a result 
of the chondrification of the ventral part of the perichordal tissue. 'This 
hypochordal ecartilaginous commissure (commissura hypochordalis) is also 
present in Alytes and some specimens of Rana fusca (Peeters, 1910), Megophrys 
(Kruijtzer, 1931) and Leiopelma (E. M. Stephenson, 1951). It is continuous 
with the ventral cartilaginous portion of the perichordal tube which runs on 
the ventral surface of the notochord for the whole length of the vertebral 
column. In the later development all the cartilage ventral to the notochord, as 
well as the notochord itself, degenerates. 'The same condition obtains in 
Microhyla (van der Steen, 1930), where the notochord also degenerates 
entirely. There is apparently considerable variation concerning the fate of 
the cephalic portion of the notochord in Anmura. While in some cases it 
chondrifies and may form part of the basal plate, there is no indication of 
this in others in which it completely degenerates. 

The origin of the intrachordal cartilage has for many years been a 
problem. The whole guestion at issue is the ectochordal or endochordal origin 
of the cartilage. Diverging opinions exist about the endochorda] origin — whether 
the cells of the notochordal epithelium, or the vacuolised notochordal cells give 
rise to cartilage. Kruijtzer (1931) fully discussed the history of this problem, 
and it is therefore unnecessary to repeat it. Jn view of the known data it 
can be accepted that notochordal tissue gives rise to cartilage, which is 
rather a strange phenomenon. 


III OOCOIPITO-VERTEBRAL JOINT 


The lateral ascending portion of the occipital arch arises in front of 
the reduced trunk myotome II and after the disappearance of the latter it 
lies immediately in front of trunk myotome JI. 'The basal portion of the 
oecipital arch chondrifies first in the region of trunk myotome 1, as is also the 
case in Microhyla (van der Steen, 1930). 'This is followed by the chondrifi- 
cation of the dorsally directed portion, which chondrifies as a whole and 
become fused with the crista occipitalis lateralis of the auditory capsule. In this 
way the foramen jugulare for IX and X is formed. According to van der 
Steen (1930), each dorsally directed portion of the occipital arch in Microhyla 
and in Alytes (van Seters, 1921) has two separate centres of chondrification, 
one from the base of the arch and the other lying against the auditory 
capsule, but this could not be distinguished in Xenopus. lJn any case it is 
doubtful whether this is of any morphological significance. 'The base of the 
atlas arch chondrifies immediately after that of the occipital arch, and as 
in the latter, the ascending portion remains procartilaginous for a longer 
time than the basal portion. Between the anlagen of the occipital and atlas 
arches dense mesenchymatous tissue is present (“Intervertebro-Oceipitalgewebe”, 
stohr; '“Oceipito-Vertebralgewebe”, Gaupp; “intercalary arch”, Mookerjee; 
“interdorsal arch”, Ramaswami). At first the base of the atlas arch 
projects for a short distance into the “incisura occipitalis” (Gaupp) of its side. 


During the later development it is pushed backwards by the occipito-vertebral 
tissue. 


Clarity concerning the morphological significance of the occipito- 
vertebral tissue is very much to be desired. De Gaay Fortman (1918) supports 
Barge (1915), and believes that, as in the case of the Ammiota, half a myotomic 
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segment remains between the occipital and atlas arches; as both arches 
correspond to posterior sclerotomites this tissue must represent an anterior 
sclerotomite, called by De Gaay Fortman, “Segmenthilfte Ia”. If one bears 
in mind that in the secondary segmentation of the skeletogenous tissue one 
secondary segment is formed by the union of two half-sclerotomes belonging 
to two consecutive metameres, half a primary segment corresponding to an 
anterior sclerotomite should remain between the skull and atlas vertebra. 
Since, therefore it arises in the cranial half of a primary segment, this tissue 
`must represent an interdorsal arch (cf. H. Marcus, 19387). Corresponding 
to this interdorsal arch there is an intervertebral cartilage in front of the 
atlas (Fig. 14). The above-mentioned interdorsal tissue belongs to the most 
posterior occipital (proatlas) vertebra. One should therefore expect, as De 
Gaay Fortman (1918) pointed out, that this arch would become attached to 
the hind surface of the occipital arch, although it does not mean that part 
of it may not also become attached to the atlas vertebra, as is actually the 
case. 

According to Hayek (1924), the dorsal portion of the atlas arch in 
Lacerta agilis and Tropidomnotus matrie arises in the caudal half of the first 
and the cranial half of the second trunk metameres. (De Gaay Fortman 
believes the same to be true for Amphibia). Between the atlas and the 
Occipital arches a eranial sclerotomite remains. Jt does not, however, take 
part in the formation of the proatlas vertebra to which it belongs, but 
disappears later. That part of the proatlas homologous with the posterior 
portions of the vertebral arches, is therefore lacking in Lacerta agilis and 
Tropidonotus matrix. In birds Hayek could not determine the fate of this 
anterior sclerotomite. 

The morphology of the proatlas has only recently been elucidated. Some 
workers, such as Albrecht (1880) and Jaekel (1912), considered the so-called 
proatlas to be a separate vertebra between the skull and the atlas. (Goodrich 
(19380), and de Beer and Barrington (1934), have drawn attention to this 
error. 'The so-called proatlas corresponds to the anterior sclerotomite of the 
first trunk metamere and is no vertebra in the ordinary sense of the word, 
but merely the interdorsal portion of the true proatlas (hindmost occipital) 
vertebra. 'The term proatlas for the separate arch elements in front of the 
atlas should be avoided, and they should be referred to as the interdorsal 
arches of the proatlas as suggested by de Beer and Barrington (1934). 

The formation of the occipito-vertebral joint in Apoda, Urodela and 
Anura is substantially the same (Mookerjee, 1930). The occipito-vertebral 
tissue chondrifies and differentiates into two halves. The front portion 
becomes attached to the hind surface of the occipital arch forming the 
condylus occipitalis; the posterior half fuses with the atlas forming a cup 
on its anterior surface (Figs. 13 and 15), (cf. Stéhr, Gaupp, De Gaay Fortman, 
Mookerjee, Eskin, Ramaswami and Stadtmiller). Thus the actual number 
of metotic segments included in the skull amounts to 34. According to 
Mookerjee (1931 b), the origin of the occipital condyles is the same in all 
vertebrates except fishes. 'They are separate elements added on to the 
occipital arches. N. G. Stephenson (1951) maintains that in Leiopelma the 
occipital condyle does not arise from a separate “intercalary” arch, but 
appears as a backwardly directed process of the wellchondrified occipital 
arch. 'This statement probably reguires further confirmation before it can 


115 


be accepted. ln the case of Xenopus laevis the oeeipito-vertebral tissue 
chondrifies ventrally in one piece so as to effect a cartilaginous continuity 
between the skull and the atlas vertebra (Figs. 14 and 16). Dorsally, in the 
position of the future synovial cavity, unchondrified fibrous tissue remains. 
A certain amount of variation exists in Amphibia concerning the cartilaginous 
continuity between the skull base and the atlas vertebra. Gaupp (1893) could 
find no continuity in Rama fusca, and his finding was confirmed by Peeters 
(1910). 'The same condition occurs in Megophrys (Kruijtzer, 1931). A 
cartilaginous continuity exist in Pipa (Ridewood, 1897), Microhyla (van der 
Steen, 1930) and Rama temporaria (Hodler 1949). Tn Urodela there is no 
continuity in Triturus cristatus (Stéhr, 1880) and in Salamamdra maculosa 
(Stadtmiiller, 1924). Platt (1898) reported a continuity in Necturus. 

In Xenopus laevis the oeccipito-vertebral joint arises after metamorphosis 
has set in (Figs. 16, 18 and 19), partly through degeneration of occipito- 
vertebral tissue in the position of the synovial cavity, as was also reported by 
Stadtmiiller (1924) in Salamamdra maculosa. 1 cannot confirm Mookerjee's 
assertion, that connective tissue grows into the “intercalary” arch and cuts it 
into two. At least part of the joint undoubtedly arises by a reduction of 
occipito-vertebral cartilage. In Rama fusca (Gaupp, 1893) the joint first 
appears near the end of metamorphosis, while in Megophrys (Kruijtzer, 1931) 
it makes its appearance before metamorphosis, thus earlier than in Xenopus, 
Rana fusca and Microhyla (van der Steen, 1930). 


Of great importance is the morphological significance of the so-called 
tuberculum interglenoidale, a process attached to the front face of the centrum 
of the atlas. Tt is present in Urodela, poorly developed in Anura and absent 
in Apoda (Schauinsland, 1906). In Xenopus laevis part of the intervertebral 
cartilage in front of the atlas is added to the front end of the centrum of the 
latter, so that one can hardly speak of a tuberculum interglenoidale. . According 
to Stéhr (1880), the tuberculum in Triturus cristatus originates from the hind 
portion of the chondrified cephalie notochord, a view not shared by Gaupp 
(1906). According to him the hind portion of the cephalie notochord chondrifies 
in continuity with, and as an extention of, the intrachordal cartilage of the 
first vertebra. 'This notochordal cartilage then forms the “Grundlage” of 
the tuberculum interglenoidale. Later it becomes reduced, and the true 
tuberculum arises from skeletogenous tissue enveloping the notochordal sheaths. 
Gadow (1896) describes the tuberculum as follows: “this odontoid-like process 
belongs to a skleromere, the rest of which, namely dorsal arcualia, has been 
added to the occipital part of the cranium” (p. 12), a statement which is only 
partly correct. “Beide, sowohl die knorpelige Chordaspitze und der Knorpel- 
tiberzug des Tuberculum interglenoidale, gehêren, was die Lage betrifft, auch 
ganz zur Segmenthêlfte Ia, und sie enstehen auch vom ersten Wirbel aus” 
(De Gaay Fortman, 1918, pp. 34—385). According to Mookerjee (1931 b) the 
intervertebral body between the atlas and the hind part of the skull in 
Urodela fuses with the anterior end of the atlas to form the so-called odontoid 
process of the Urodela. ln Amura the intervertebral body becomes divided, 
one part fusing with the atlas and the other with the occipital region. 
There is thus no pronounced odontoid process. Tn Ammiota the '“intercalated” 
arch forms the lateral portions of the occipital condyle and the intervertebral 
body belonging to this arch fuses with the skull forming the median portion 
of the condyle which is, therefore, single in reptiles and in birds (Mookerjee, 
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1931 b). Hayek (1924) came to a somewhat similar conclusion for Ohelonia, 
Orocodilia and birds, viz., “dass der Condylus occipitalis aus dem Kêrper des 
Proatlas gebildet wird” (p. 151). In Sguamata only the hypocentral element 
of the proatlas forms the ventral portion of the single condyle, while the 
true centrum (pleurocentrum) forms the processus odontoideus. In mammals 
as a rule (Hayek) neither the hypocentral nor the pleurocentral element of the 
proatlas is incorporated into the hind part of the skull. Apparently the same 
holds true for Xenopus, since the hind portion of the epichordal bridge, as 
well as the front portion of the intervertebral body degenerates. 'The fact 
that neither the pleurocentral nor the hypocentral element of the proatlas 
is incorporated into the skull is responsible for the bicondyly in these two 
groups. According to Mookerjee (1930) the tuberculum plus the cups in 
front of the atlas arches may be called proatlas. 'This is, in my opinion, 
confusing, because these structures correspond to only a part of the selerotomite 
in front of the atlas. 'They therefore only represent part of the true proatlas 
vertebra. Eskin (1931) found in both Rana temporaria and in Triturus valtii 
an independent vertebral centrum in front of the atlas, separated from the 
latter by intervertebral tissue. In Triturus the tuberculum interglenoidale is 
formed from this centrum plus the intervertebral tissue and the intrachordal 
cartilage. In Fana the tuberculum is reduced in the adult condition. Hskin 
consider the centrum (actual centrum plus tuberculum interglenoidale) of the 
atlas in Triturus and in Rama to be homologous with both the centra of the 
atlas and of the proatlas. In Triturus Peeters (1910) found a cartilaginous 
structure synchondrotically attached to the front of the centrum of the atlas, 
but showing signs of an independent origin. This structure in Triturus vulgaris 
is at first separated from the intrachordal cartilage by the notochordal sheaths 
and must undoubtedly be the same as described by Eskin (1931) in Triturus 
valti. In Mycrohyla van der Steen (1930) also describes a process in front 
of the atlas, arising from the centrum of the latter and not as an independent 
structure. 


It is therefore clear that there is great diversity of opinion concerning 
the origin and homology of the tuberculum interglenoidale. 'That it arises 
from the intervertebral tissue (pleurocentral element of the proatlas) in front 
of the atlas seems to be the most likely possibility. It would, therefore, 
correspond to a part of the sclerotomite in front of the atlas. Tt is also 
possible that the tuberculum in some cases may contain the centrum 
(hypocentral element) of the proatlas (cf. Eskin). Jf such be the case 
Albrecht (1878 and 1880) was not far wrong in homologizing the tuberculum 
with a basioccipital, since the tuberculum must represent at least the hind 
portion of a basioccipital. ln such cases where the tuberculum includes the 
hypocentral element of the proatlas, the atlas must have a double centrum. 
This, however, does not mean that it is a double vertebra, because only part 
of the proatlas is fused with it. 'The part played by the intrachordal cartilage 
in the formation of the tuberculum interglenoidale in Urodela is not clear. In 
Anura, apparently, no intrachordal cartilage appears in this region. 


The discussion of the tuberculum interglenoidale leads one to another 
interesting problem, the double nature of the first vertebra in Amphibia. 
The first spinal nerve (nervus suboccipitalis), usually persisting in Urodela 
and Apoda, does not as a rule occur in adult Anura. Exceptions are Leiopelma 
archeyi (Stephenson, 1951) and Bufo vulgaris (Peter, 1895, aguoted from 
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Gadow, 1896). In Apoda a nervus occipitalis is also present (van der Horst, 
1934 and Ramaswami, 1942). In Urodela the nervus suboccipitalis emerges 
through a foramen in the first vertebra, and this fact led Hoffmann (1878—'78) 
to the conclusion that in Urodela the first vertebra represents a fused atlas 
and epistropheus. De Gaay Fortman (1918) differs from Hoffmann and 
contends, that if Hoffmann is right, another nerve emerging between the 
atlas and the occipital arch should exist in front of the one perforating the 
first vertebra. 'The so-called first spinal nerve should therefore actually 
represent the second spinal nerve, which is clearly not the case in 
Megalobatrachus maaimus. He also maintains, that if the nerve between the 
atlas and the occipital arch disappears, as in the Amura, one should still be 
able to demonstrate the double nature of the first vertebra during the 
development. According to van der Horst (1934), a separate first spinal 
nerve is also present in Pipa and in Xenopus. Tn both cases the facts 
would appear to contradict this. In Xenopus laevis 1 could find no nerve 
emerging either between the atlas and the occipital arches, or perforating the 
atlas arch itself. In the early development a nerve root undoubtedly belonging 
to trunk segment 1 could be indicated, but this belongs, as previously 
mentioned, to the vagus series. In his youngest stages of Rama, Hodler (1949) 
could not find the first spinal nerve, while van der Steen (1930) could 
only demonstrate it as such in very young stages of Microhyla. Possibly the 
confusing interpretation concerning Xenopus is based on the fact, that in 
some cases a fusion of the first two vertebrae occurs, as is maintained by 
several workers (Ridewood, 1897). 'This fusion may be effected in the 
following manner: the zygapophyses between the first two vertebrae are always 
poorly developed and in some cases the interzygapophyseal tissue chondrifies 
in one piece thus establishing a cartilaginous continuity between the first 
two pairs of arches. ln subseguent stages a synovial cavity is developed in 
this tissue, but it is possible that in some specimens the development of this 
joint is suppressed, so that the two vertebrae remain fused throughout life. 
The nerve emerging through such a composite first vertebrae is the second 
and not the first spinal as is the case in Urodela. In Pipa only seven 
presacral vertebrae are present, and the first persisting spinal nerve passes 
out through the neural arch of the first vertebra. Nor is this nerve a nervus 
suboccipitalis, but is homologous with the so-called first spinal nerve of 
other Amura, ie. the nervus spinalis TT (von Jhering, 1880). 'This condition, 
according to von Jhering, does not arise by fusion of the first two vertebrae, 
but as a result of the excalation of the second vertebra. 'The second vertebra 
of Pipa is therefore homologous with the third of other Anura. Ridewood 
(1897) and Adolphi (1893) disagree with von Jhering as far as the excalation 
of the second vertebra is concerned, and consider the first vertebra of Pipa 
to be homologous with the first two of other Amura. The foramen through 
which the nerve emerges represents, according to them, the foramen between 
vertebrae 1 and 2. Ridewood based his contention on the presence of a 
diapophysis on the first neural arch in Pipa. ln other Amura a diapophysis 
does not usually appear on the neural arch of the first vertebra but on 
that of the second. ln the few cases where it does occur on the first 
neural arch, it indicates the confluence of the first two vertebrae. According 
to Ridewood, all efforts to demonstrate the early independence of the first 
and second vertebrae in Pipa, have failed. He himself, could not determine 
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it, even in very young embryos of Pipa americana. Ridewood then concludes: 
vs . there are, 1 take it, in this first vertebral segment two potential 
vertebrae, but the chondrification of the skeletogenous tissue is single from 
the very first” (p. 361). One is inclined to support Ridewood's assumption 
that the first vertebra in Pipa represents the first two of other Amura. If 
the excalation hypothesis is correct, one can find no good reason why the 
first permanent spinal nerve should emerge through the first vertebrae. 
Fusion of the first two vertebrae definitely occurs in some other Anmura 
(Ridewood, 1897 and Adolphi, 1898—'95). 

Van der Steen (1930) holds the opinion that the first vertebra in 
Anura is not a double one; there is no sign of a dual origin in the ontogeny 
of Microhyla. Peeters (1910) also could find no evidence for considering 
the first to be a double vertebra. In the development of Xenopus laevis there 
is not the slightest reason for suspecting a double nature. Froriep (1917) could 
demonstrate the fusion of the first two vertebrae as well as the presence 
of a nerve emerging between the skull and atlas arch in Salamamdra atra. 
Van der Steen expresses the opinion, that it may be possible that Salamandra 
represents an exception similar to Pipa in the case of the Amura. If that 
is so, then the nerve emerging through the first vertebra in Salamandra must 
be homologous with the second spinal of other Urodela. Judging from the 
findings and opinions of the various workers, the atlas should be considered 
as a single vertebra. 'The fact that parts of the proatlas may become 
secondarily attached to it, does not make it a double vertebra in the sense 
that it includes the material of two whole vertebral segments. ln exceptional 
cases fusion of the atlas and second vertebra occurs. 


IV COLUMNA VERTEBRALIS 


The adult vertebral column of the Anura can be divided into two parts: 
a front portion consisting of individual vertebrae, and a caudal unsegmented 
portion, consisting of fused vertebrae, called the urostyle. 

The origin and differentiation of the formative tissue of the vertebral 
column is as described by Mookerjee (1931). Sclerotomic cells are liberated 
from the ventro-median sides of the somites and are pushed into a very 
narrow space between the myotomes and the notochord. At first the 
sclerotomie tissue is segmentally arranged and migrates round the notochord 
forming segmental rings. 'The tissue also spreads around the spinal cord, 
without, however, showing the same pronounced segmental arrangement. 'The 
notochord of this stage shows segmental constrictions caused by the 
pressure exerted by myotomes and sclerotomes. 'The notochord has 
two sheaths, an outer, very thin elastica externa, and an inner, relatively 
thick elastica interna (Figs. 11 and 12). The former appears very early, 
for in the youngest stage examined, where vacuolization has just started, 
there are already indications of its presence. 'The sheaths, although clearly 
present, are mot very well developed, and in comparison with 
fishes, play no important part in the formation of the vertebral 
column (Schauinsland, 1906). 'The nuclei of the notochordal cells migrate to 
the periphery and arrange themselves on the inner side of the elastica 
interna as the notochordal epithelium. 'The segmentally arranged sclerotomic 
tissue now also estends intersegmentally, becomes fibrous and constitutes a 
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very thin connective tissue perichordal tube round the notochord. According 
to Schauinsland (1906), the tube is less well developed in Urodela than in 
Amura. On the dorso-lateral sides of the notochord and opposite the 
myocommata, thus intersegmentally, aggregations of sclerotomic cells now 
appear, which are the rudiments of the future neural arches. The remaining 
portions of the spinal cord are enveloped by scattered sclerotomic cells. 

The 5th and 6th pairs of arches chondrify first. From this point the 
chondrification of the arches proceeds both backwards and forwards until 
all the pre-urostyle arches are chondrified. 'The chondrification of the anterior 
ones, however, lags behind that of the posterior ones so that the first two arches 
are the last to become chondrified. lImmedately after the chondrification of 
arches 1—9, those in the urostyle region start to chondrify from in front 
backwards. In Microhyla (van der Steen, 19380) the basal portions of the 
9th pair of arches chondrify first, and chondrification then proceeds in a 
cranial direction, the second pair of arches being the last to chondrify. In 
Xenopus, therefore, as well as in Microhyla, the more posterior pre-urostyle 
arches chondrify earlier than those in front. 

As Mookerjee (1931) pointed out, the arches do not rest directly 
upon the elastica externa, but a thin layer of perichordal tissue persists 
beneath the bases of the arches (Fig. 11), an observation which had escaped 
the notice of most previous workers. In Urodela Gadow (1896) showed that 
the arches do not rest upon the elastica externa. ln Amnura, however, he stated 
that they do rest almost directly upon the elastica. (Gadow possibly based 
his conclusions upon the circumstance that in Urodela the vertebral portions 
of the perichordal tube ossify directly from connective tissue, thus forming 
an easily discernable bony layer between the elastica and bases of the arches. 
In the Anura, however, this is not the case. Schauinsland (1906) maintains, 
that in Urodela the arches rest directly upon the elastica externa, an 
observational error pointed out by Mookerjee (1930). 


In Rana temporaria, Bufo melamostictus, Bombina bombina (Bombimator 
igneus) and Xenopus laevis, Mookerjee (1931) showed that the portion of 
the perichordal tube beneath the arches chondrifies first, conseguently the 
arches appear to rest directly upon the elastica externa. Meanwhile the 
perichordal tube becomes thicker, especially the ventral portion, and the 
dorsal intervertebral regions. Dorsally to the spinal ganglia two consecutive 
pairs of arches are connected by two strips of sclerotomic tissue (Fig. 13A). 
Cartilage extends from the arches into these strips, thus forming the processis 
articulares. Unchondrified tissue persists in the position of the future joints 
(Fig. 13B). Later synovial cavities develop here, and almost simultaneously 
the tissue surrounding them chondrifies. 'The cranial portions are added to 
tre arches in front and the caudal portions to the arches behind (Fig. 13D). 


The investigation of the zygapophyseal articulation is also important 
in the problem of the composition of the arches from sclerotomic tissue derived 
from two consecuiive metameres. Platt (1898), described the origin of the 
Zygapophyseal articulation in Necturus as follows: “In an earlier stage of 
development the neural arches become connected with one another at their 
dorsal extremities by a pair of parallel, longitudinal bars of procartilage, which 
begin to chondrify in continuity with the cartilage of the arches. Before 
chondrification is complete, a bridge of procartilage connects the two 
longitudinal bars between the successive arches. 'This bridge also chondrifies 
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longtidinal procartilaginous rods the '“dorso-intervertebrals”. (Connective 
and the continuous longitudinal bars of cartilage break into pieces that 
articulate with one another posterior to each transverse bridge” (p. 485). 
Mookerjee (1930 and 1931) endorses these observations and calls the connecting 
longitudinal procartilaginous rods the “dorso-intervertebrals”. Connective 
tissue cells grow into these rods and divide each of them into a postzygapophysis 
and a prezygapophysis. 'The ingrowing connective tissue splits up into two 
layers so as to enclose a synovial cavity. 

Neither de Gaay Fortmam's (1918) description of Megalobatrachus 
maximus nor my own findings for Xenopus entirely confirm the descriptions 
guoted above. ln neither is there any guestion of a continuous cartilaginous 
or procartilaginous connesion between consecutive arches. 'The only exception 
concerns the connesion between the first two pairs of arches in Xenopus 
where, in some cases a cartilaginous continuity is effected. According to Eskin 
(1931), the zygapophyseal joints arise in the same way as the lateral joints 
between the skull and atlas arches. Here mesenchymatous tissue is also 
present, and differentiates into two portions. In my opinion this gives a 
more accurate picture of the ontogeny of the structures concerned. 

De Gaay Fortman (1918) approaches the problem from another point 
of view. He maintains that both in Megalobatrachus marimus and in Necturus 
maculatus a tendency exists for the division of the sclerotome into two parts, 
a cranial and a caudal portion. 'The caudal portion of the one metamere and 
the cranial portion of the following one together form a continuous mass, 
and from this the arches later develop. He believes that the arches of 
Amphibia represent both dorsal arcualia of fishes. H. Marcus (1937) came 
to the same conelusion in his work on Hypogeophis and Urodela. “Das kraniale 
Hemisklerotom verbindet sich mit dem caudalen des vorhergehenden Metamers 
Zum Wirbel, der somit aus 2 segmenten sein Material bezieht . . . Der vordere 
Abschnitt des Neuralbogens, vom caudalen Hemisklerotom stammend, entspricht 
einem Basidorsale oder Neurozentrum, der hintere 'Teil, vom nachfolgenden 
Metamer stammend, einem lInterdorsale” (p. 554). Schauinsland (1906) also 
believes that the arches are formed from two sclerotomites belonging to two 
consecutive metameres, and Hayek (1924) comes to the same conclusion for 
Amniota. De Gaay Fortman considers that both pairs of arches belonging 
to a myotomic segment are joined dorsally to the spinal ganglia. The interdorsal 
of one segment thus unites with the basidorsal of the same segment. As a 
result of resegmentation these uniting portions come to lie between two 
consecutive vertebral arches. According to de (Gaay Fortman, the 
prezygapophyses and postzygapophyses can, therefore, easily be interpreted. 
They would arise from the uniting portions between the interdorsal and 
basidorsal of the same metamere. These uniting portions do not chondrify so 
as to give rise to continuous cartilaginous bars wherein the joints are later 
formed, as maintained by Platt for Necturus, but the tissue on either side 
of the joints chondrifies after the latter are established. 

De Gaay Fortmanm's conclusion is, in my opinion, the only logical one. 
Furthermore, the derivation of the arches from two sclerotomites belonging 
to two consecutive metameres has been observed in the ontogeny of many 
forms. lJn the tail of Ambystoma tigrimum a double origin can clearly be 
demonstrated (Schauinsland, 1906). In Amniota Hayek (1924) could 
demonstrate a double origin in reptiles and in birds. Piiper (1928) also 
proved this to be the case in the birds Larus and Struthio. 
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As mentioned above the consecutive cartilaginous arches in Xenopus 
are connected to each other by strips of mesenchymatous tissue dorsal to the 
spinal ganglia. These strips do not chondrify to form continuous cartilaginous 
or procartilaginous rods as stated by Platt and Mookerjee respectively, but 
unchondrified tissue persists in the position of the joints. This tissue 
differentiates into two halves with a synovial cavity in between, and almost 
simultaneously it commences to chondrify; the eranial portion is added to 
the arch in front and the caudal portion to the arch behind (Fig. 13). 
cannot confirm Mookerjee's finding, that connective tissue grows into the 
so-called procartilaginous '“dorsointervertebrals” so as to cut them into 
prezygapophyses and postzygapophyses. 

It would thus appear, that the greater part of the tissue uniting two 
consecutive arch elements must be derived from a cranial sclerotomite i.e. 
from an interdorsal, or rather from the dorsal portion of the latter. It would 
therefore follow, that the whole of the postzygapophysis, and possibly part 
of the prezygapophysis, are homologous with an interdorsal. ln his work 
on Larus and Struthio Piiper (1928) calls that portion of the interdorsal lying 
dorsal to the spinal ganglia, the “dorsal-interdorsal”, a term which is to 
be preferred to “dorso-intervertebral” used by Mookerjee in the case of 
Amphibia. Dawes (1930), who worked on the mouse (Mus musculus), also called 
that portion of the anterior sclerotomite which gives rise to the zygapophyses, 
the dorsal-interdorsal. 

The joints, as Eskin (1931) remarks, remind one of the lateral joints 
between the skull and atlas arches, for in both, these are formed within 
interdorsal tissue between the arches (comp. Fig. 13D). 'Thus, judging from 
ontogeny alone, it would be difficult to arrive at any other conclusion than 
that of Peter (1894 & 1898), who considers the joints between the skull and 
the atlas arches to be homologous with those between the other vertebral 
arches. Although arches 9 and 10 unite in Xenopus, well-developed processus 
articulares as well as a rudimentary synovial cavity are, at first, present. 

In the pre-urostyle region the arches of the first two vertebrae are 
the last to chondrify entirely round the spinal cord, a condition also 
obtaining in Rana fusca (Peeters, 1910). Peeters considers that this is due 
to the early use of the hind limbs which redguire a sturdy vertebral column. 
Separate supradorsals, by means of which two successive arches are united 
dorsally to the spinal cord, as in Urodela (Mookerjee, 1930), apparently do 
not occur in Amura (cf. also Peeters, 1910 and Mookerjee, 1931). 

The ventral, thicker portion of the perichordal tube chondrfies in front 
in continuity with the hypochordal commissure of the basal plate. 'The chon- 
drification extends backwards for the entire length of the vertebral column 
and even to some extend into the tail. 'This ventral cartilaginous structure 
in Xenopus (Figs. 11, 12, 14 and 17) has often been erroneously interpreted. 
Ridewood (1897) describes a continuous band of cartilage, the hyopchordal 
cartilage, situated ventral to the notochord in Xenopus laevis, and having 
a “median ridge” in the urostyle region. Ridewood believes that this cartilage 
represents the ventral arch elements. Although Mookerjee (1931) had already 
drawn attention to Ridewood's error, Hodler (1949) still deseribed this ventral 
cartilaginous element by the confusing term “hypochordaler Knorpel”. Topo- 
graphically this cartilage is hypochordal, but to call it a hypochordal cartilage 
is morphologically confusing, as it does not represent the true hypochord 
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(ventral arcualia). As Mookerjee (1931) pointed out, it is merely a part of 
the perichordal tube. The true hypochordal cartilage when present, must lie 
ventral to this cartilage as it actually does in the urostyle region where it 
forms Ridewood's so-called ridge of the hypochord (Fig. 17). In the later 
development of the vertebral column the ventral perichordal cartilage 
degenerates and is resorbed. It does not, therefore, enter into the formation 
of the vertebral centra. 

Dorsally to the notochord the vertebral portions of the perichordal 
tube chondrify in an antero-posterior direction, and later the intervertebral 
portions chondrify in the same direction. Peeters's (1910) description 
concerning the origin of the vertebral and the intervertebral cartilage is 
confusing. Apparently he believes that these structures arise from the bases 
of the arches. According to van der Steen (1930) the bases of the arches 
are connected dorsally to the notochord by epichordal cartilaginous strips, but 
he is not clear about the origin of these structures. In this respect my obser- 
vations confirm those of Mookerjee (1931). Neither the vertebral nor the 
intervertebral cartilage arises from the arches, but they chondrify 
independently in the perichordal tube. 

At the front end of the vertebral column the entire perichordal tube 
chondrifies so as to ensheath the notochord with cartilage up to the intervertebral 
region between the 2nd and ard vertebrae. From this point backwards the 
perichordal tube consists of two bands of cartilage, one dorsal and the other 
ventral to the notochord (Fig. 12). These two cartilaginous structures are 
connected by those fibrous portions of the tube which flank the notochord. 
The dorsal cartilage possesses intervertebral thickenings exerting pressure on 
the notochord in a ventral direction. 

According to Gadow (1896) the bases of the arches extend in a cranial 
as well as in a caudal direction and these extensions lead to the fusion of 
consecutive arch bases, “so that the primitive axial column now consists 
only of a right and a left longitudinal ridge of cartilage from which are 
sent off dorsal processes, namely, the arches, in metameric succession” (p. 15). 
This description was followed by Schauinsland (1906), but Peeters (1910) 
pointed out that such a condition does not exist. In Xenopus the bases of the 
arches are first united vertebrally by the chondrification of the dorsal portions 
of the perichordal tube in these areas, whereupon the chondrification spreads 
to the intervertebral portions of the tube. It is therefore impossible for a 
condition as described by Gadow and Schauinsland to arise. 'The chondrification 
of the dorsal portion of the perichordal tube (vertebral as well as intervertebral) 
in the urostyle region is delayed in comparison with the trunk. 

Since the time of Dugés (1835) it has been known, that in some 
Amura, the anlagen of the centra do not appear round the notochord, but 
entirely dorsal to it. 'This was confirmed by Gegenbauer (1862), who called 
the two modes of centrum development in Amnura perichordal and epichordal. 
According to Gadow (1896), the epichordal type differs from the perichordal 
in the almost complete suppression of the ventral arch elements (basiventral and 
interventral). (Gadow thinks that the centrum is formed exclusively from the 
arcualia. As Mookerjee (1931) pointed out, the centrum is not a derivative 
of the arches but it, as well as the intervertebral cartilage, arises from the 
perichordal tube. In Rana temporaria and in Bufo melanostictus the bases 
of the arches meet dorsally only af the extreme ends of the centrum (Mookerjee, 
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1931). Epichordal centra are present in Bombima, Pelobates, Pipa, Pseudis, 
Xenopus, Discoglossus and Alytes (Gadow, 1896; Schauinsland, 1906: Mooker- 
jee, 1931). Van der Steen (1930) considers Microhyla as intermediate between 
the perichordal and epichordal types, for although the centrum is perichordal, 
the cartilage ventral to the notochord arises very late and is poorly developed. 
In Pseudis (vide Gadow, 1896) and in Xenopus a transient bar of cartilage 
occurs ventrally to the notochord during the ontogeny, which is not the case 
in other forms having epichordal centra. 'This ventral cartilage does not, 
however, take part in the formation of the centrum, as in forms with perichordal 
centra, but degenerates completely, and the centrum is formed entirely 
from the dorsal perichordal cartilage. Since all the available evidence points 
to the presence of a perichordal centrum in the triassic anuran Protobatrachus 
(Piveteau, 1937), and because, in the embolomerous Labyrinthodonts, the 
hypocentrum forms a complete ring round the notochord, it is reasonable to 
conclude that the perichordal mode of centrum development is the more 
primitive type and that the epichordal type is of more recent origin. Forms like 
Rana and Bufo, which are supposed to be highly specialised anurans, and 
possess perichordal centra, are therefore in this respect more primitive than 
forms with epichordal centra, as they resemble the ancestral type. Mookerjee 
(1931) states: “In all Anura the ist or atlas vertebra is formed from the 
whole perichordal tube” (p. 186). This is not true in the case of Xenopus 
laevis, for also in this region the ventral perichordal cartilage degenerates 
and does not take part in the formation of the centrum of the atlas, which 
is therefore also epichordal (Fig. 19). The only difference when compared 
with other vertebrae is that the atlas arches descend further ventrally along 
the sides of the notochord. Nearly the same condition obtains in Pipa americamna, 
where the centrum of the atlas is also incompletely perichordal (Ridewood, 
1897). 


In Xenopus ossification of the vertebral column begins very early, 
relatively long before metamorphosis. In the case of Rana, Bufo and Bombima, 
ossification commences later in the development (Mookerjee, 1931). 'The 
arches become perichondrally ossified on their inner and outer surfaces, and 
simultaneously calcification of the bases, followed by enchondral ossification, 
sets in. lTmmediately afterwards caleification commences in the centra, and 
a layer of perichondral bone is formed on their dorsal surfaces. 'This perichon- 
dral bone extends partly over the intervertebral cartilage. All the cartilage 
in the arches, as well as the inner perichondral bone, is resorbed. Mookerjee 
(1931) was the first to mention such resorption. 'The outer perichondral bony 
layer, which becomes thicker as a result of the formation of perichondral bone 
on its outer surface, ultimately forms almost the entire dorsal and lateral 
portions of the neural arches. Enchondral bone, surrounding large marrow 
cavities, is retained in the. bases of the arches. (Calcification of the centra, 
followed by enchondral ossification results in the formation of large marrow 
cavities. In the oldest specimen examined, ossification of the vertebral column 
was not yet complete since isolated cartilage cells were still present, and in 
the hind part of the urostyle region ossification had only just started. 


The intervertebral joints develop very late, near the end of 
metamorphosis, when the tail is a mere vestige. Even in the oldest stage 
examined, all the joints had not yet been formed. Each intervertebral 
cartilaginous portion differentiates into two parts to form a ball and a socket. 
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In the case of Xenopus laevis, the ball is added to the front end of a 
centrum and the socket to the posterior end of the centrum of the preceding 
vertebra. 'The centra are therefore opisthocoelous. 'The centra in Amura are 
usually procoelous, but opisthocoelous centra are present in the Pipidae, 
Discoglossidae and some Pelobatidae (Schauinsland, 1906; Nicholls, 1915—'16). 
Nicholls (1915—'16) pointed out that, although in the majority of Amura the 
vertebral column is so-called procoelous, it is only to a vertebral column such 
as that of Bufo that the term “procoelous” can strictly be applied. All the 
centra here are hollowed out in front. In the other so-called procoelous 
vertebral columns the term “diplasiocoelous” should be used. But this 
merely in passing: the nature of the vertebral centra and their significance 
for taxonomy are outside the scope of this investigation. 


Vertebral intrachordal cartilage which is usually present in the Urodela 
does not occur in the Amnura (Schauinsland, 1906; Mookerjee, 1931). In Rama 
possessing perichordal centra, the vertebral portions of the notochord persist 
for a long time. “Auch im vêllig ausgebildeten Froschwirbel birgt der Kêrper 
noch den Chorda-Abschnitt” (Gegenbaur, 1861). According to Gadow (1896), 
Gaupp (1896), Schauinsland (1906) and Mookerjee (1931), the notochord 
persists throughout life in the pre-urostyle region. Even in the intervertebral 
discs of a specimen of Rama temporaria more than two years old vestiges of the 
notochord could still be found. Later these were entirely destroyed (Mookerjee, 
1931). In Bufo and Hyla the notochord disappears in the older animals 
(Remane, 19386). 


SACRAL AND POSTSACRAL REGION 


In Xenopus laevis twelve complete pairs of cartilaginous arches are 
formed; the front portions of a 13th pair also chondrify after metamorphosis 
has commenced. 'The basal parts of a 14th pair are partly procartilaginous, 
and further posteriorly in the tail the arches remain dense fibrous blasteme. 
N. G. Stephenson (1951) also reported thirteen cartilaginous pairs of arches 
in Leiopelma archeyi, and Hodler (1949) could demonstrate the same number in 
some specimens of Alytes obstetricams. Tn Xenopus, all the arches in the 
urostyle region, i.e. the 10th, the 11th and the 12th, chondrify dorsally to the 
spinal cord, whereas in Rana esculenta (Peeters, 1910) only the 10th pair is 
completely chondrified. Before metamorphosis begins in Xenopus the 9th and 
the 10th pairs of arches fuse with each other dorsally to the spinal cord. 
Soon afterwards the other arches in the urostyle region also fuse dorsally, 
and when the 13th pair of arches chondrify, they become united with the 
12th pair. Upon the chondrification of the dorsal portions of the intervertebral 
and vertebral parts of the perichordal tube, these together with the arches, 
constitute a cartilaginous tube, perforated by the segmentally arranged spinal 
nerves. As mentioned above, the 9th or sacral vertebra in Xenopus fuses with 
the urostyle, and the same condition obtaihs in Pipa, Breviceps, Phyllomedusa 
and Pelobates (Ridewood, 1897; Hoffmann, 1878—'78). 

Concerning the urostyle of Xenopus Ridewood (1897) states: “The 
neural arches behind and including the ninth are continuous from the very 
first, so that, although by a loose mode of speech we may say that the sacral 
vertebra of Xenopus is fused with the urostyle, it would be more exact to say 
that the sacral and post-sacral vertebrae never become separate, that the 
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sacral vertebrae does not differentiate from the urostyle, or that the sacral 
and post-sacral vertebrae do not have an independent existence” (p. 873). 
"This statement creates a somewhat erroneous impression, for these vertebrae 
chondrify independently, and the fusion is secondary. In Rama temporaria and 
Bufo melamosticus, the 9th vertebra has a double articulation with the urostyle 
(Peeters, 1910: Mookerjee, 1931; Hodler, 1949). 'This articulation, aceording 
to Mookerjee (1931), is not formed in the intervertebral cartilage, as is the 
case in the other vertebrae, but the arches of the 9th first fuse with the 
dorsal arcualia of the 10th vertebra. 'These fused arches are then divided so 
as to form two balls and two sockets. In the case of Bombima a single 
articulation with the urostyle occurs (Hoffmann, 18738—'78; Mookerjee, 1931). 
A well-developed intervertebral cartilage is present between the 9th and the 
10th vertebrae (Fig. 20), thus disproving Mookerjee's statement, that there 
is no intervertebral region between the 9th vertebra and the urostyle in 
Xenopus. 


Ossification in the urostyle begins much later than in the pre-urostyle 
region. 'The fibrous hypochord (ventral arch elements) in the urostyle region 
ventral to the ventral perichordal cartilage, present in the younger stages, 
starts to chondrify immediately before metamorphosis. It lies directly against 
the perichordal cartilage without being separated from it by intervening 
connective tissue (Fig. 17). 'The cartilage of the hypochord, as well as that 
of the dorsal arcualia, is histologically different from that of the perichordal 
tube. 'The hypochord extends from the intervertebral region between vertebrae 
9 and 10 up to the front end of the 13th pair of arches; further posteriorly 
it is contimmed as connective tissue. Soon after its chondrification the 
hypochord becomes perichondrally ossified on its ventral surface. 'The hind 
end is much thicker, and curves downwards. Since the notochord and peri- 
chordal tube in this region are in a state of degeneration, the hypochord 
is displaced upwards. In the oldest specimens of Xenopus laevis examined, its 
front end is in close proximity to the intervertebral cartilage between vertebrae 
9 and 10 (Fig. 20), and in some cases almost reaches the hind portion of the 
9th vertebra. 'This hypochordal cartilage ultimately fuses with the dorsal 
cartilaginous portions to form the urostyle (Hodler, 1949; Mookerjee, 1931). 
Only three vertebrae take part in the formation of the urostyle in Xenopus, for 
the cartilage of the 13th arch changes into connective tissue and becomes 
resorbed. Some cartilage also disintegrates on the outer surfaces of the 
12th and 1ith arches, but how far such disintegration goes could not be 
determined, for in the specimens at my disposal 1 could not study the 
formation of the urostyle to its ultimate completion. Gadow (1896) concludes 
that it is probable that the urostyle “contains the cartilage of about twelve 
skleromeres” (p. 18). In this interpretation he was followed by Schauinsland 
(1906) and Goodrich (1930). The inherent error was first pointed out by 
Peeters (1910) and subseguently by Hodler (1949). Gadow's mistake can be 
ascribed to a misinterpretation of a figure by Goette (1875). According to 
Peeters (1910) the dorsal portion of the urostyle in Rana and Alytes is 
formed from three vertebral arches, and ventrally the hypochord corresponds 
to only three myotomic segments. Hodler (1949) maintains that tissue cOrres- 
ponding to 3—4 vertebrae enters into the formation of the urostyle. 

The 9th or sacral vertebra has two winglike “transverse processes” for 
articulation with the ilia. 'This articulation in Amura is subject to great 
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variation, as it is not always the 9th vertebra that forms the sacral vertebra. 
In all the larvae examined by me it was always the 9th that formed the 
wing-like processes, but according to Hodler (1949), variation in Xenopus 
laevis is guite extensive because the Sth or 10th may sometimes form the 
sacral vertebra. ln Rama (Peeters, 1910) the ilia in some cases articulate 
with the 8th vertebra, which develops great “transverse processes” like the 
9th in normal cases. A compound sacrum normally exists in Pipa and 
Pelobates, where it is formed by the 9th as well as the 10th vertebra (Ridewood, 
1897). According to Ramaswami (1983), “Pelobates represents the oldest 
morphological condition in having 10th. and 9th. as the sacrum: in Rana and 
other forms the illiosacral articulation has been carrier forward to the 9th., and 
in Pipa, the 9th. and 8th. participate in the attachment, their transverse processes 
fusing to form a broad winglike expansion to provide articulation with the. ilia” 
(p. 308). In Rana curtipes the 8th and 9th vertebrae fuse to form a synsacrum. 
The transverse processes remain separate (Ramaswami, 1933; Mahendra, 1936). 
In Hymenochirus (Ramaswami, 1933) the 6th forms the sacral vertebra. The 
vertebrae posterior to this become added to the urostyle. Possibly Ramaswami 
is wrong in the case of Pipa, since here the first vertebra normally represents 
the first two of the other Anura (Ridewood, 1897). Ons may also differ from 
Ramaswami in his assumption that Pelobates represents the oldest morpho- 
logical condition, for in the two primitive anurans Leiopelma and Ascaphus 
there are, according to N. G. Stephenson (1951 b), nine presacral vertebrae 
while the 10th forms the sacrum. 


Hodler (1949 maintains that, in the evolution of the Anmura, a 
reduction of the vertebral column has occurred in the tail, and that all that 
remains of the latter is represented by the three or four vertebrae of the 
urostyle. 'The urostyle would, therefore, represent the primary reduced tail 
of the Amphibia, the tadpole's tail as such being a typical larval structure. In 
support of his assumption he gives several reasons amongst others the 
following: “Im Schwanze der Anurenlarve lassen sich jedoch Wirbelanlagen in 
keinem Entwicklungsstadium nachweisen” (p. 781). One would be inclined 
to agree with Hodler about the reduction of the vertebral column of the 
tail during the evolution of the Amura, and with his contention that the tail 
is a larval adaptation, but this does not mean that the tail is merely a 
coenogenetic structure devoid of any phylogenetic significance. Furthermore, 
the assumption that no vertebral elements can be distinguished in the tail 
is, in my opinion, not true. In the development of Xenopus, at least one partly 
cartilaginous and one partly procartilaginous arch could be demonstrated 
posterior to the urostyle. 'The latter arches degenerate and do not take part 
in the formation of the urostyle. 'The fact that the more posterior connective 
tissue arches do not chondrify, does not prevent them from being homologized 
with the cartilaginous arches of the trunk. Hodler supposes that the hind 
margin of the cartilaginous hypochord indicates the posterior end of the 
primary vertebral column. One should not, however, attach as much value 
to this fact as does Hodler: what the hind margin of the cartilaginous hypochord 
has to do with the guestion at issue is by no means clear. The other reasons 
mentioned by Hodler do not, in my opinion, justify his assumption. Furthermore, 
one is inclined to disagree with Hodler, who maintains that the urostyle 
represents the primary reduced tail of the Anura. 1Tf we consider that during 
the evolution of the Anura a forward shifting of the ilio-sacral articulation has 
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taken place (Watson, 1989—1940, and Piveteau, 1937), a fact accepted by 
Hodler, then the urostyle must represent original trunk vertebrae, as suggested 
by Piveteau (1937), and not caudal vertebrae. ` I am inclined to agree with 
Gadow (1896) that “The Tadpole's tail represents a typical vertebral column 
before the appearance of cartilage” (p. 19). sa 
V RIBS. 

in Xenopus laevis separate ribs, corresponding to vertebrae 2—4, are 
present. Distinctribs are also reported in Pipa americana by Ridewood (1897), 
Bombina bombina (Bombinator igneus) by Mookerjee (1931) and in Leiopelma 
and  Ascaphus (N. G. Stephenson, 1951 b). In Pelobates Ridewood (1897) 
suspects the presence of a fused rib and diapophysis attached to the ard 
vertebra. He could find no diapophyses on the 2nd, 3rd and 4th vertebrae 
of Xenopus, but as Mookerjee (1931) pointed out, separate diapophyses are 
clearly distinguishable (Fig. 15). 'These develop as simple outgrowths of the 
arches and, immediately before metamorphosis, short cartilaginous diapophyses 
can also be distinguisheid on arches 5—9. 'The remaining portions of the 
so-called transverse processes remain fibrous for a considerable time. The 
“transverse process” of the 9th vertebra chondrifies first. It is not simply an 
outgrowth of the dorsal arcualia, but tissue in the myocomma partly contributes 
to its formation. The “transverse process” is, therefore, vertebro-costal in 
origin and should be called a pleurapophysis and not a diapophysis. Hodler 
(1949) could also show that part of the processes of the sacral vertebra in 
` Xenopus represent rib rudiments. 'These processes expand laterally to articulate 
with the ilia. The greater portions of the so-called “transverse processes” 
of vertebrae 5—8 develop much later, towards the end of metamorphosis, 
partly as direct ossifications. 'These are also vertebro-costal in origin and 
should be called pleurapophyses. Hodler (1949) was able to distinguish rib 
rudiments corresponding to the 5th vertebra in a few specimens of Xenopus. 


Only process(s transversi are present in BRana, but in dAlytes 
there are ribs corresponding to vertebrae ?2—Ad (Peeters, 1910). 
Cartilaginous pieces homologous with ribs, occur during the ontogeny at the 
distal ends of the transverse processes in Rama temporaria and Bufo 
melanostictus (Mookerjee, 1931). ln one series of Microhyla van der Steen 
(1930) found what appeared to be separate anlagen, which later fused with 
short processes on the 3rd pair of arches. In my opinion these structures may 
represent a separate rib and diapophysis. 


The first signs of the future ribs in Xenopus can be distinguished very 
early as condensations of mesenchyme in the myocommata. 'The distal portions 
of the second pair of ribs chondrify before metamorphosis commences (Fig. 
12). At this time the distal portions of the first pair are procartilaginous, 
and the third pair is still in a connmective tissue state. lmmediately before 
metamorphosis the first and second pairs chondrify and become attached by 
dense connective tissue to the diapophyses of the ?2nd and the 3rd vertebrae. 
At this stage, only the distal portions of the third pair are chondrified. In the 
next stage the connective tissue connecting the first and second pairs to 
the diapophyses is changing into a procartilaginous condition. 'The third 
pair of ribs are chondrified and are attached to the diapophyses of the 4th 
vertebra by dense connective tissue. Soon after chondrification, the ribs 
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become ossified both perichondrally and enchondrally. Eventually they become 
synchondrotically attached to the diapophyses, and the outer perichondral bony 
ring becomes confluent with the perichondral bone of the arches. 'The second 
and third pairs of ribs are much longer than the first and their distal 
cartilaginous portions are ceurved backwards. 


With regard to the morphological significance of the ribs there are 
two contradictory schools of thought. According to Rabl (1898), the ribs 
in Selachii, Amphibia and Amniota arise independentiy from the vertebral 
column as separate structures in the myocommata.  Gêppert (1895, 1896 and 
1898), on the other hand, regards the ribs as belonging to the ventral arch 
elements, . because in Selachii, Amphibia and Reptilia they are from the 
beginning in `- cartilaginous continuity with the “Rippentriger”. This 
“Rippentrêger” he considers to be-a dorsally migrated “Basalstumf” in Anmura 
as well as in Urodela. According to Gadow (1896) the ribs in Urodela represent 
basiventral material, and the “Rippentriger” is an outgrowth of the dorsal 
areualia. The ontogeny of -Xenopus gives no support to the view of Gêppert, 
for here the ribs chondrify independently, and the diapophyses arise directly 
from the dorsal arcualia. . Gêppert's statement is also refuted by Emelianov 
(1925 and 1933), who regards the ribs as independent structures. In Urodela, in 
the front portion of the trunk, the ribs first chondrify distally in the 
myocommata and then grow inwards to meet the vertebral column. Peeters 
(1910) states that the ribs in Necturus, Triturus, and Ambystoma tigrimwm 
first chondrify distally and afterwards become attached to the rib-bearer. 
Emelianov also considers the rib-bearer in Urodela and Anura to be a derivative 
of the neural arch and not a dorsally migrated piece of the basiventral. 
Mookerjee (1930 and 1931) supported Emelianov concerning the independent 
origin of the ribs. Later he held a rather different opinion for Necturus 
maculatus. “We like to point out here that Gamble is wrong in saying that 
the rib is an independent structure and has nothing to do with the basal 
stump or parapophysis. As a -matter of fact the basal stump articulates 
first with the rib-bearer and from the point of union the basal stump is 
prolonged as a lateral outgrowth” (Mookerjee and Das, 1935, p. 497). H. 
Marcus (1937) in his investigation on Triturus, Salamandra, Plewrodeles and 
Hypogeophis disagrees. with Emelianov and supports G@êppert. According to 
him, the ribs are not independent structures, but chondrify from the vertebral 
column in a distal direction. He considers the material of the ribs as well 
as of the rib-bearers to be derived from ventral arcualia. (G@Oppert is also 
supported by Naef (1929) who believes the ribs, parapophyses and diapophyses 
to be derived from basiventral material. 

It is difficult to appraise such contradictory findings and it is 
impossible to express an authoritative opinion without studying numerous 
specimens of different groups. Nevertheless I would venture to suggest that 
the ribs in the Amura are ' separate entities not derived from the vertebrae. 
Both are derivatives of the original sclerotomic tissue. 'This tissue differentiates 
locally in one part, giving rise to the vertebral column and in another to the 
ribs. `Whether the one is derived from the other is of no fundamental 
importance, a view already elaborated by de Villiers (1926). 

1 should like to draw attention to the following statement by Emelianov 
(1925) : “Wahrend der Entwicklung sogleich wie im ausgewachsenem Zustande, 
kann man bei den Anura keine Bildungen, die den oberen Rippen der Urodela 
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homolog sein kênnten, finden” (p. 49). According to his own criterion for 
the identification of dorsal ribs this is not true, for in Xenopus laevis the distal 
portions of the ribs chondrify first and then extend inward to fuse medially 
with the diapophyses. 
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SUMMARY 


Three metotic segments are clearly distinguishable. 

The myotomes indicating the metotic segments as well as the first 
trunk myotome become reduced and trunk myotome II then extends up 
to the posterior surface of the occipital arch and the auditory capsule. 
There is no evidence of a preoccipital arch. 

The number of vagus roots emerging from the medulla oblongata cannot 
be regarded as a ecriterion for the determination of the metamerism. 
The most posterior root of the vagus lies in the region of trunk 
segment |I and undoubtedly represents the nerve of this segment. 

It was impossible to confirm Gaupp's assumption that the basal plate 
has a triple origin. 

In Xenopus the entire cephalic notochord disintegrates and there is 
no indication of the chondrification of notochordal tissue. 

A commissura epichordalis as well as a 'commissura hypochordalis 
is formed. 

Dense mesenchymatous tissue belonging to the anterior sclerotomite 
in front of the atlas is at first present between the anlagen of the 
occipital and atlas arches. 'This tissue represents an interdorsal arch and 
belongs to the hindmost occipital (proatlas) vertebra. 

Corresponding to this interdorsal arch there is an intervertebral cartilage, 
homologous with those between the other vertebrae. 
The term proatlas for the separate arch elements in front of the 
atlas should be avoided and such elements should be referred to as 
the interdorsal arches of the proatlas. 

The occipito-vertebral joint is established by the differentiation of the 
interdorsal arch of the proatlas in front of the atlas into a cranial 
and a caudal portion. The former becomes attached to the hind surface 
of the occipital arch and forms the occipital condyle; the posterior half 
fuses with the atlas, thus forming a cup on its anterior surface, 

In Xenopus the ventral portion of the occipito-vertebral tissue 
chondrifies in one piece so as to establish a cartilaginous continuity 
between the skull and atlas vertebra. 'This continuity is lost when the 
oceipito-vertebral joint is established. 

The joint between the skull and atlas arises very late, after 
metamorphosis has set in. 

Although in Xenopus part of the intervertebral cartilage in front of 
the atlas becomes attached to its centrum, one can hardly speak of the 
presence of a tuberculum interglenoidale. 'This structure in Urodela 
must, according to available data, represent the intervertebral body 
in front of the atlas and may also in some cases include the centrum 
(hypocentral element) of the proatlas vertebra. If that be the case, the 
tuberculum must include at least the hind portion of the basioccipital. 
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The atlas is a single vertebra, there being no evidence for suggesting 
a dual origin. Jn exceptional cases a fusion of the atlas and the second 
vertebra occurs. d 
The notochord has two sheaths, a very thin outer elastica externa and 
an inner relatively thick elastica interna. 

The sclerotomic tissue liberated on the ventro-medial sides of the somites 
forms at first segmental rings round the notochord. 

The segmentally arranged sclerotomic tissue extends intersegmentally, 
becomes fibrous and forms the thin perichordal connective tissue tube 
round the notochord. 

The anlagen of the neural arches first appears intersegmentally as 
aggregations of sclerotomic cells opposite the myocommata. 

The more posterior pre-urostyle arches chondrify earlier than those 
in front. 

The arches do not rest directly upon the elastica externa, but a thin 
layer of perichordal tissue persists underneath the bases of the arches. 
The zygapophyses first appear as strips of mesenchyme dorsal to the 
spinal ganglia. These strips undoubtedly represent the dorsal portions 
of the interdorsals and do not form continuous cartilaginous or 
procartilaginous rods, since unchondrified tissue persist in the positions 
of the future joints. Such tissue differentiates into two parts so 
as to give rise to a synovial cavity. 

The neural arches include basidorsal as well as interdorsal material. 
From purely ontogenetic evidence it is difficult to arrive at any other 
conclusion than that of Peter (1894 and 1898), who considers the joint 
between the skull and the atlas arch to be homologous with those 
between the other vertebral arches. 

The mid-dorsal as well as the mid-ventral portion of the perichordal 
tube chondrifies. 'These two strips of cartilage are continuous in front 
with the epichordal and hypochordal commissures of the basal plate. 
The ventral cartilaginous portion of the perichordal tube, present through 
the entire length of the vertebral column, disintegrates and takes no 
part in the formation of the centra. 

At the front end of the vertebral column the entire perichordal tube 
chondrifies so as to surround the notochord with cartilage up to the 
intervertebral region between the second and third vertebrae. 

Al the centra in Xenopus, including that of the atlas, develop from the 
dorsal perichordal cartilage. 

Ossification in the vertebral column commences very early, relatively 
long before metamorphosis. 'The adult vertebral arch is formed almost 
completely from the outer perichondral bony layer. 

The intervertebral joints develop very late at the time when the tail 
is reduced to a mere vestige. Each intervertebral cartilage differentiates 
into two parts to form a ball and socket, the former of which is added 
to the front end of the centrum and the socket to the hind end of 
the centrum of the preceding vertebra. 'The centra are therefore 
opisthocoelous. 

'Twelve complete cartilaginous arches are formed, and the front portion 
of a 13th arch also chondrifies. 
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"The urostyle corresponds to three vertebrae;. the Si .11th . and 


the 12th. 

The 9th or sacral vertebra Ee EE the BE and 1 ae en winglike 
pleurapophyses for articulation with the ilia. 

The cartilaginous hypochord present in the dsiie region ventral to 


the ventral cartilaginous portion of the perichordal tube ultimately fuses 


with the dorsal cartilaginous elements to form the urostyle.. 


-Tt was not found possible to agree with Hodler (1949) that. the urostyle 


is the sole remnant of the primary tail of the Amura. 
Distinct ribs corresponding to vertebrae 2—4 are formed during ontogeny. 


.'The distal portions of the ribs chondrify first, and the. chondrification 


then extends mediad, and the ribs eventually become attached to the 
diapophyses of vertebrae 2—4. According to the eriterion established 
by Emelianov, these should be regarded as dorsal ribs. 

The so-called “transverse processes” of vertebrae 5—9 are vertebro- 
costal in origin and should be regarded as pleurapophyses. . In the 
case of the 5th to the Sth vertebra the pleurapophyses. arise partly as 
direct ossifications. 

The diapophyses develop -from the dorsal arcualia and the ribs are 
considered as separate entities not derived from the vertebrae. 


LIST OF ABREVIATIONS USED IN. THE FIGURES 


A.C auditory capsule 

AO. aorta 

AT. atlas arch 

BR. brain 

EO. ocecipital condyle 

EP! occipito-vertebral cartilage forming a cup on the anterior 
surface of the atlas arch 

DIA. diapophysis 

D.ID. strips of mesenchyme connecting consecutive arches and 
representing interdorsal material 

D.PCH.G. dorsal cartilaginous portion of the perichordal tube 

D.PCH.T. dorsal portion of the perichordal tube 

ELE elastica externa 

ELI. elastica interna 

HY. cartilaginous hypochord 

INZ. interzygapophyseal cartilage 

TV.C. intervertebral cartilage 

M.D.T musculus dorsalis trunei 

MY. myotome 

NA. neural arch 

NCH. notochord 

O.A. occipital arch 

O.V. otie vesicle 

OV.G occipito-vertebral cartilage 

@ VErrd occipito-vertebral tissue 

PAR. parachordal 


PAR.BP.ST. anterior part of the parachordal (“Balkenplatte” of Stêhr) 
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PGH.T. ::-' ':perichordal tube: 


PRZ. prezygapophysis 

PA... ' postzygapophysis 

IR. rib 

SCA.  supracapula 

SP.@. spinal cord 

SP.G. spinal ganglion 

SP.N: spinal nerve 

SPEL second spinal nerve 

SYN.C. synovial cavity 

TRA. trabecula ' 

TRI & TR.II first and second trunk myotomes .. 
VPGHT.. ventral cartilaginous. portion of the perichordal tube 


VIT, VUIL IX & X VIIIth to the Xth eranial nerves 
VG., VG. IX &XG. (Ganglioniec anlagen of the Vth to ie Xth eraniel nerves 
W, X ME cephalic ROLE 
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